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RADIO PRINCIPLES 



A h«at«d teak«ttl« glvte off stoaa. 


ELECTRIC 



gives off 

light and electrons 


An open faucet peraits eater to floe. 

Heated metal gives off particles of matter called *electron8". As temperature is 
Increased, more electrons are given off. 

Some metals must be heated to a hi|^er temperature than others to produce the same 
amount of electrons. 


A vacuum tube has a thin wire "filament” which is heated to produce electrons. 
Sometimes the filament is covered with a close fitting sleeve coated with an ox- 
ide idilch supplies electrons when heated by the filament. 


The sleeve or filament is called a "cathode". It is enclosed in a glass bulb or 
a metal envelope from which the air is pumped so the hot filament will not bum 
up. 


Source 

Filament 

Oxide coated 
sleeve 

Filament 


Temperature 
Room temperature 
Red hot 

White hot 


Supplies hardly any electrons 

A good source of electrons. Used 
widely for radio tubes 

Also a good source of electrons. 


EXAMPLE PROBLEM 

1. Is the light we see f^cm the filament an electron stream? 
ANSt No. ELectrons are not visible. 


CLASSROOM PROBLEMS 

1. If a filament is heated beyond white heat, what will happm? 

ANSt 

2. Is an increase of electron flow like increase of water flow? 

ANSt 
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HIDRADLIC vacuum PLATES ELECTRIC 





A check valve permits flow in only one direction. 

Vhen a metallic plate is placed near a vacuum tube filament, electrons will flow 
between the filament and plate if the plate is more positive than the filament. 

The flow of electrons is actually an electric current. This means that the larger 
the flow, the less resistance the tube is offering to it. 

Khen the plate is negative with respect to the filament, electrons will not flow 
to the plate. This means that the resistance is extremely hi^. 

A vacuum tube having a filament and plate is called a "two elwent" tube or "diode" 


example problems 

1. Does the space between plate and filament act like an ordinary resistor? 

ANSt les, for any glvan filament temperature and plate voltage (positive) . 

2. Vacuum tubes are constructed so the plate almost encloses the filament. Why? 

ANSx So a large part of the electrons from the filament will be able to 
reach the plate and will not be wasted by going elsewhere. 


CLASSROOM PROBLEMS 

1. A certain current is flowing between plate and cathode. A higher positive 
voltage is connected to the plate. What will happwi? 

ANSt 

2. A certain current is flowing between plate and cathode. If the filament tem- 
perature is raised, what effect will it have on the resistance between plate 
and cathode? What is the effect of decreasing plate-cathode spacing ? 
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HIDRAIJLIC YAOUPM TUBE GRIDS ELECTRIC 






A valve will regulate flov/ of water in a pipe. 

A netw’ori: of wires placed between the plate and filament of a vacuum tube will 
regulate the flow of electrons. 

Such a netv.'ork is called a "grid". 


Ithen the grid is negative with respect to the filement, it will hinder the flow 
of electrons to the plate. The effect is the sane as adding resistance between 
the filament and plate. 

As the grid is much less negative, it allows the flow of electrons to Increase. 
The effect is the sane as inducing resistance between the filament and plate. 


llThen a high negative voltage is placed on the grid, the cun'ent between fila- 
ment and plate is cut off entirely. Considerable negative voltage is required 
to do this, just as considerable force is required to completely shut off a 
faucet which has a tendency to drip. 
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Whan a poaitiya voltaga la placad on tha grld» tha currant batwean filaaant and 
plate baoonaa larga. It ia llnltad b 7 the mmber of electrona the fllanent can 
aupply. The current cannot inereaae Indefinitely* 

A tube having a fUanant» grid and plate ia called a "three eltteent" tube or 
"trloda". 


EXAUPLE PRaBLEM 

1* At any one grid voltage and plate voltage^ can the tube be conaldarad as a 
raslstorT 

ANS: Tea* Providing the plate la nora positive than the filanent. 

CLASSROOM PROBLEM 

1* An alternating voltage is placed on the grid* Hoe will the current throu^ 
the tube vary? 

AMSt 



A valve requires very little energy to control a large flow of water. 


A vaccum tube grid requires almost no power to operate it. It can 
control a very large electric current which may operate some piece of 
equipment* 


The closer the spacing between the grid wires, the easier Is the 
control* 


The tube Itself does not supply power* It controls the power supplied 
by the battery connected to the plate* 
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EXAMPLE PROBLEMS 

1. fniy is any power required to operate a grid when it is negative? 

ANS: A very small current may flow in the grid circuit. It is almost too 

small to measure. For practical purposes the power is zero. 

2. If grid wires are far apart* they nave less control over the plate current 
flow. Nhy use wide spacing at all? 

AMSt Aithouj^ the close wires will give easy control* they will Interfere 
with ■utHmuin current flow. Widely spaced wires will allow a greater maximum 
current to flow. Both types of spacing are used. 

CLASSROOM PROBLEMS 

1. If Uie grid were made hi^tily positive* idiat do you think would happen? 

ANS* 

2. Is any grid power necessary wnra the grid is positive? 

AHS:^ ' 




RADIO PRINCIPLES 


UOMENOBK 

1. The fllanente or cathodes of small receiving tubes are usually coated with 

an ocLde* The filaments of transmitting tubes usually have an odds mlxea with 
the tungsten in the filament. Nhy would you eq>ect the cathodes or fixa- 
ments of such tubes to be operated at much lower temperatures than pure 
tungsten filaments? 

ANS* 

2. Nhy is it important to maintain the correct voltage on vacuum tube filaments? 

ANSI 

>• Nhat is the effect on the resistance between plate and cathode of a diode 
edien plate>eathode spacing is increased? 

ANSI 

4 . The electron producing ability of a cathode is rapidly destroyed when it is 
forced to deliver an overload of current (electrons at a faster rate than it 
was designed to produce). What precaution should be observed regarding the 
average plate current of a tube? 

ANS: 

5 . A vacuum tube may be used as a relay to control current flow. What grid 
voltage would you use to stop 'Uie current flow? To cause current to flow? 
Between idxlch elemttits of the tube would this flow occur? 

ANSI 
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POWm fBOM A TDBE 


^ube resistance 




A tube Is equivalent to a resistor. The tube shown above (with a resistor 
load) can be shown in the single circuit at the right. 

This Is true at one grid voltage. The value of tube resistance will 
differ for each specific value of grid voltage. 

Since a tube acts as a resistor i power will be dissipated when current 
flows through the tube. 

The "efficiency" of a tube Is the ratio of the power delivered to the 
load resistance coc^ared to the total power drawn from the plate battery. 

mUPUC PROBUEUS 

1. The tube resistance Is 1,000 ohms and the load Is 1,000 ohms. How 
much votage will be present across the tube and how much across the 
load? 

ANSI nie voltsge will divide equally. There will be 50 volts across 
each. 

2. Where does the power come from to heat the resistors? 

ANSI Prom the plate battery. 

3. A tuue draws 100 watts fram xne plate battery. 50 watts are delivered 
to the load. What Is the efficiency? 

POw?r to , 52_ ■ .60 or 601 

ANSI Efficiency ■ total power drawn 100 

CLASSROQli PROBLEUS 

1. Suppose the two resistors above had a value of 5,000 ohms each. The 
battery voltage Is 100 v. How much power (in watts) will be lost 
In heat in the resistor? How much In the tube? 

AHSi 

2. The resistance of a tube Is 1000 ohms. Which load will receive 
the greatest amount of power (l) a snort-circuit, (2) 1,000 
>hms? Why? 

AH8t 
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YQLIAQS AMPLIFIOATION 
(Voltag* Bultlpllcatioa) 




18,000 0»IM« 



«oo V 


<000 OHH5 



The tubs at the left has *01 amperes flowing through It under the conditions shown. 
The voltage drop across the load resistor is then 20 volts (.01 c 2000). Thus 180 
volts must exist across the tube. Its resistance is then IS^OOO ohms. 


The tube at the right shows the conditions when the grid voltage is raised to -2 
volts. The tube resistance is now but 2»000 ohms. 


A change of two volts at the grid gives a change of 100 - 20 * 80 volts on the 
load. Thus it has an a^>lificatlon of 40 times in this circuit. 


EXAMPLE PROBLEMS 

1. Suppose the current throu^ the tube has only risen to .02 amperes when the 
grid changed two volts. Ehat is the aspllfication now? 

ANSt The drop across the load resistor is nows 

.02 X 2y000 - 40 volts 

Two volts grid change gives 40 - 20 = 20 volts at load 
Two volts grid change gives 20 volts load change 
One volt gives ten^ so the amplification is ten times 
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The load resistors in the diagrams shown were lowered to 200 
ohms. What is the amplification now if the grid voltage and 
plate current remain the same as shown? 

ANSt Voltage across load in left hand easel .01 x 200 = 2 volts 

Voltege across load in right hand casei .05 x 200 = 10 volts 

Change in load voltage i 10-2 =8 volts for a 2 volt 

change in grid voltage 

A one volt grid change would give 4 volts load change, so 
the amplification is now four times. 

CLABSROOU PROBLELiS 

1. Does the aa^jliflcation of a tube in a circuit vary with the size 
of the load resistor? 

ANSI 

2. A tube in a circuit showed 190 volts across the load with zero grid 
voltage. It showed 10 volts across the load with -100 volts on the 
grid. What was the amplification of the tube in this circuit? 

ANSI 


3. Does the change in load voltage divided by the change in grid volt- 
age give the power or voltage an?)lificatlon of the tube in a given 
circuit? 


ANSI 



RADIO PRINCIPLES 


Whea the valve Is alaoet closed, considerable force oust be applied to cut off the 
flow of water entirely. 

When the valve Is 90^ open, almost all the water flows idilch the pump will supply. 
Further opening of the valve adds little to 'Uie flow. 

In a vacuum tube, when grid voltage Is enough to almost cut off the flow of plate 
current, somewnat greater negative voltage must be used to completely stop It. 


When grid voltage Is positive, a heavy plate current will flow. Further Increase 
ing grid voltage will not add much to this current. Few more electrons are avail- 
able from the fUeunent. In addition, some electrons are being used to cause cur- 
rent to flow through the grid. 

HIDRADLIC 

*tP valve «-» .small 

\ /i: about ^ change In 

\/ midpoint \/ valve 

equal ^^oange in flow 

ELECTRIC 


V ^ 


flow' 





i’?'- i f 





grid voltage or 
valve position 

At midpoint valve position, any change In valve setting produces an eqitlvalent 
change In the flow. 


At grid voltages about midway between the points for zero and maCLmum. plate cur- 
rent, any change In the grid voltage produces an equivalent change In plate cur- 
rent. 


The "Class A" amplifier operates with grid voltages In thi« range. 


crankshaft 



small AC 
generator 



^ valve always/ 
near mid positl«i 

A valve neea* mid-position Is easy to turn. Only a small amount of 
power is required to rock the valve back and forth. Rocking the 
valve back and forth will produce corresponding changes in the flow 
through it. 
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Ifhen ths fixed voltage (bias) on the grid allows some plate current to flow, a 
small AC generator connected in series will cause variations in the plate cujrrent. 




The plate current of a Class A amplifier varies exactl 7 as the grid voltage is 
varied. Plate current flows at all times. It is varied upward and downward in 
accordance with the AC voltage source connected to the grid. 

Tube efficiency is usually about 30Jf. 


C01flK)N USES 

Class A amplifiers make faithful voltage cuapllflers because grid voltage changes 
are followed accurately l?y plate current changes. 

Since efficiency is low, Class A aa^llflers are seldom used y&isre power of more 
than a few watts is required in the plate load. 

They are used to amplify at radio frequencies (high frequencies) in radio re- 
ceivers and to amplify at audio frequencies (voice frequencies) in both receivers 
and radiotelephone transmitters. 


EXAMPLE PROBLEH 

1. When only a small amount of power la available, why is it desirable to use a 
Class A type ampllfleir? 

ANSt Because it requires virtually no grid driving power to produce aiQ)lifi- 
cation. 


CLASSRCXMI PROBLEM 

1. It is desired to produce a large voltage amplification. Should the load re- 
sistor have a low or a high resistance as compared to the tube resistance? 
Why? 

ANS: ; 
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HCMCWORK . 

!• Tht grid voltage of a tube le adjusted so the tube resistance Is 2^000 ohas. 
A plate battery of 100 volts Is used. What value of load resistance will 
draw the greatest aioount of power from the tube? What will be the plate 
efficiency of the tube? 

ANSi_ 

2. How auch power will be delivered vo the load resistor In Question 1? 

AHSx_ 

3* A 10^000 ohn load resistor Is connected to the plate of a vacuus tube. A 
plate battery of IpOOO volts is used. When grid voltage is >100 volts, 
plate current is 10 na. What is the voltage across the tube? Across the 
load? 

AHSt 

4* The grid voltage of the tube in Question 3 is changed to >50 volts. Plate 
current Increases to 30 aa. What is the voltage across the tube? Across 
the load? 

ANSt . 


5. What voltage a^>Ufieatl(» Is produced by the tube In Questions 3 and 4? 

ANSt 

6. What is the resistance of the tube in Question 3? In Question 4? 

ANSt 

7. A DC mUliaaneter Is coimected in series with the plate battery 
of a Class A amplifier tube. The DC meter will continue to 
read a steady plate current when an AC voltage is applied to the 
grid. Why? 

ANSt 

8 . : 

Why will no grid current be drawn by a properly adjusted Class A 
amplifier? ' 

ANSt 
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RADIO PRINCIPLlfS 


CLASS B AMPLIFICATION 





Ac «l« 



As the valve driving idieel i^otates, the valve Is opened completel 7 and then closed 
dvirlng the first half revolution. During Ihe second half revolution, the valve re- 
aalns closed. More force Is required than to Just rock the valve back and forth. 

The fixed bias on the vacuum tube Is adjusted to just about cut«off plate current 
flow. The AC generator connected In series with It has a peak voltage sufficient 
to cause large plate current to flow during the positive halves of the cycle. No 
plate current flows during the negative halves of the cycle, since the total grid 
voltage Is then even more negative than required to cut off plats current. 

This Is called a "Class B" amplifier. More driving voltage and fixed grid bias 
aure required than for a Class A amplifier. 




The positive halves of the driving voltage cycle are reproduced exactly by leurge 
Increase In plate current. Plate current Is zero during the negative halves of 
the cycle. Grid current usually flows during part of the positive grid voltage 
peak. Thus actual power Is reqxiired for driving the tube (about 1/50 as ouch as 
the tube delivers) . 

Tube efficiency is about 60 % maximum. 
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COlltlON USES 

Class B aopllflsrs are used as power aapllflers for both radio frequency (**RF") 
and audio frequency ("Af”) power* 

Their higher efficiency often oakes thea preferable to Class A amplifiers when 
sufficient driving power is available for Class B operation. 


example problem 

1. What is the effect on the output of a Class B amplifier if too much driving 
voltage is used? 

ANSt The positive peaks of the driving voltage will raise the total grid 
voltage so hi^ that the plats current will reach the maximum value the tube 
will pass. If even mors driving voltage is used, the plate current will not 
be able to follow it at the peaks. The output waves will have flat tops. 
This is called distortion. 


CLASSROOM PROBLEM 

1. What is the effect if the bias on a Class B amplifier is set at a higher 
negative voltage than is required to cut off plate current? 

ANS: 
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RADIO PRINCIPLES 


PUSH-PULL AMPLIFICATION 
HIDRAULIC 

pres. pres. 





The two valves are connected by- a lever so that when one is closed 
tho other is open and vice versa. 
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Two vacuum tubes can be connected so that when plate current Is flowing through 
one, the other is not operating and vice versa. 

This Is called a "push-pull" connection. 

Each tube passes plate current only hsdf the time. 

The current through the load exactly follows the alternations of the driving volt- 
age supplied by the AC generator. 


COUUON USES 

Class B push-pull connection Is always used idien amplifying power at audio (voice' 
frequencies. 0thex*wl8e> severe distortion would result because of the ellmlnatioc 
of half of each cycle from the output. 

Push-pull connection is sometimes used when amplifying power in radio (high) fre- 
quencies. ' 


EXAMPLE PROBLEM 

1. Why is no filament battery shown in the diagram? 

ANS: The connections to the filament battery or transformer are often left 

off of circuit diagrams to simplify them. It is always understood that a 
suitable soiu'ce of power will be supplied to heat the filaments. 


CLASSROOM PROBLEMS 

1. What will be the effect on the output to the load if the center connection 
("center tap") on one of the transformer windings is nox. in the exact center 
of the winding? 

ANS: 

2. What will be the effect in a Class B push-pull amplifier if one of the tubs 
filaments burns out? 

ANS; 
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CLASS C AMPLIFICATION 


HIDRAQLIC 



The Talve le open for only a short time during a revolution of the cam. Flow 
reaches its maciiDuin very quickly and Is then cut off during the renainder of the 
revolution* Considerable force will be required to turn the can so as to operate 
the valve rapidly. 


The grid bias voltage is adjusted to a negative value at least twice as great as 
required for cut-off of plate curr«at. In this ecanple, cut-off voltage is -50 
volts* Bias voltage is set at -100 volts* Plate current will only flow when 
generator voltage is higher than 450 volts* More driving power is required than 
for a Class B anpllfler* 


This is called a "Class C" amplifier* 



4 » 

s 


Q) 

-P 

4 

s 



The plate current is zero eccept dxiring the positive peaks of driver voltage* 
Part of the positive driving voltage cycle does not appear in the output since 
it is used in overcoming the high negative grid bias* Tube efficiency may be as 
high as 90 %» 
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COUiON USES 

Class C aiq>llflers ars used as power aiQ>llflers for radio frequencj power. 

Class C amplifiers are newer used for audio frequency amplification > since part of 
the post tire cycle as well as all of the negative cycle does not appeeur in the out 
put. Distortion would be bad and render the amplifier useless. 


EXAMPLE PROBLEMS 

1. Rhat is a slq>le way to insure having sufficient grid bias for Class C opera- 
tion? 

ANSt Adjust the negative grid bias to a value vhLdi cuts off the plate current. 
Then add at least the same amount of additional negative bias. 

2. Is more driving power required idien negative bias ib three times cut-off value? 

ANSs Yes. This is like opening and closing the valve even more rapidly. More 
power is required. 


CLASSROOM PROBLEMS 

1. What will be the effect on the output if the amount of negative bias is in- 
creased without increasing the amount of driver voltage? 

ANS: 

2. If the amount of negative bias is increased, idiat change must be made in the 
amount of driver voltage to maintain hl^ peaks in plate current? 

AHS* ^ 
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COMPARISON OF CLASS A. B AMD C AMPLIFICATION 


Charec terle tic 

CJ-agg k 

Class B 

Class C 

Negative grid bias required 

Saall negative 

About cut off 

Twice cut off 
or more 

Grid driving power required 

Very saall 

About 2% of out- 
put power 

About 10$ of 
output power 

Grid ourreot flow 

Practically none 

On positive grid 
voltage peaks 

On positive 
grid voltage 
peaks 

No— signal plate current 

Plate current 
flows at all 
times 

Near zero 

Zero 

Plate current during pos- 
itive half of grid drive 

Increases with 
grid voltage 

Increases with 
voltage 

Current <m grid 
voltage peak 
only 

Plate eurrmt during neg- 
ative half of grid drive 

Decreases with 
grid voltage 

Zero 

Zero 

Use as voltage a^>llfler 

Widely used 

Never used 

Never used 

Use as power aapllfler 

Only on low power 

Frequently used 

Frequently used 

Use as audio frequsnqy 
amplifier 

Widely used 

Used as push-pull 
power aj^>llfler 

Never used 

Use as radio frequwey 
amplifier 

Occaslmally for 
very low power 

Frequently used 

Frequently used 

Use as push-pull a^>lifier 

Frequently used 

Frequently used 

Sometimes used 

Tube efflelsDoy 

30^ or less 

60]( or less 

80% or less 

EXAMPLE PROBUCM 




1. nhj are Class B and C amplifiers not ver7 useful as voltage 
ampllflersT 

ANSI Because they require considerable grid driving voltage and 
do not give as much voltage gain as a Class A aiqpllfler. 


CLASSROOM PROBUCM 

1. Why are cleiss B euidlo amplifiers always used In push-pullT 
A1!S» 
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HOHEIfORK 

1. Why is power required to drive the grid of a Class B aapllfier tube? | 

ANSs ; 

2* The grid bias of a Class B amplifier is changed to an amount idiich allows 
considerable plate current to flow. Is the operation still Class B or does 
it more closely resemble Class A? 

ANS* 

3. vhy is it undesirable to atteoqpt to operate a tubs as a Class C amplifier 
when very little grid driving power is available? 

ANSI 

4. Why are Class C amplifiers never used for audio frequency as^liflcatlon? 

ANSI 

5. Why does the plate efficlenby of a Claes C amplifier increase when more nega- 
tive grid bias is used? 

ANS:__ 

6. Why is more grid driving voltage required when more negative grid bias is 
used on a Class C amplifier? 

ANS: 

7* A DC mlUlasuneter is connected in series with the plate battery of a Class 6 
or C amplifier tube. The reading of the DC meter will decrease as the amount 
of grid driving voltage is decreased. Why? 

ANS: ■ 

B. If the grid driving voltage in Question 8 is increased beyond a certain point, 
the DC plate mlUlammeter will no longer show an increase. Why? 

ANS: 
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VACUUM TUBE GRID BIAS SUPPLY 


locul 


Battery bias Iceapa bias voltage on the grid at all times. This voltage is varied 
upward and downward by the AC from the driver. 

Battery bias is often undesirable. It requires additional batteries to supply the 
bias voltage. If grid current flows, it goes through the battery in the wrong di- 
rection, making battery life short. 




Bias oan be obtained by oonneeting a resistor in series with the cathode. The 
DC plate current flows throuj^ this resistor.. This causes a voltage across the 
resistor. . The cathode is made positive with respect to the grid, which is the 
same as the grid being negative with respect to the cathode. 

This is called "cathode bias". A condenser is connected across tlie resistor. 
When the plate current is varied, the AC part of the plate currmt goes throu^ 
this condenser to the filam«it. This condenser keeps the bias steady. 


Cut-off cannot be obtained with cathode bias. Some plate current must flow to 
produce bias. 



Bias cen be obtained by connecting a resistor between the grid and 
catl)ode. During the positive halves of the driver voltage cycle, 
the grid will be positive and grid current will flow. This current, 
flowing through the resistor, causes voltage across the resistor 
and places grid bias on the tube. 


The resistor used is called a "grid leek". Hence, this is "grid 
leak" bias. The condenser in series with the driver prevents short- 
circuiting the bias voltage through the driver. It does not hinder 
the passage of AC current from the driver. The condenser maintains 
steady bias voltage. 2t stores voltage during negative half cycles 
of drive r~ vo 
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Often It l8 desired to amplify power at only one particular frequency. The in- 
ductor L and condenser C eure proportioned to be resonant at this frequency. This 
makes the laq>edance very high across the parallel resoncmt circuit at the desired 
frequency. The grid voltage is thus very high at this frequency and much lower at 
any other. 

A condenser is connected across the grid leaky since there would be loss of power 
if the AC were forced to travel throu^ the resistor. 

In the circuit at the right, thtf grid leak and condenser have been moved, but the 
operation is still the same. The condenser maintains steady bias voltage. 

The use of a grid leak to obtain bias always requires that the grid be driven 
positive and that grid current flows. Thus it cannot be used for class A. 


EXAMPLE PROBLOIS 

1. A tube is to be operated with driving voltage turned on and off intermittently. 
Nhat type of bias should be used? 

ANSt Battery or cathode bias should be used. Either of these would limit the 
plate currrat to reasonable values during times there was no driving voltage. 

2. Why would grid leak bias be undesirable if driving voltage is intermittent? 

ANSt During times there is no driving voltage, the grid is at sero voltage.- 
Consequently, the plate current might rise to such values as to seriously 
injure the tube. 


CLASSROOM PROBLEMS 

1. Plate currant of 100 ma. flows through a 500 ohm cathode bias resistor. How 
much bias is developed? 

ANSt 

2. D.C. grid current of 10 ma. flows througa a 5,000 ohm grid leak. How much bias 
is developed? 

ANSt 
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3* For a giv«D amoimt of blae on a tube, irtilch would have the hlgheet realetance; 
a grid leak or a cathode bias resistor? Why? 

ANSt 


VACDDM TORE OSCILLATORfl 


Step Cause 

1 Turn on fUanant 

2 Field Increases 

3 Plate currant readies 


4 Grid eoltage drops to 
sero 

5 Field decreases 


6 Plate current becones 

sero 

7 Grid woltage becomes 

sero 



2££lSl Rawilt 

Plate current Increases Field Increases 

Grid voltage Increases In Plate current readies 
positive direction narlun 

Field becomes steady Grid voltage drops to 

sero 

Plate current decreases Field decreases 

Grid voltage becomee neg> Plate current becones 
atlve sero 

Field becomes sero 


Grid voltage beoosian 

sero 


Plate current Increases Field Increases 


8 Seme as step 2* 

The ejele will be repated over and over as long as the tube is turned 
on* 

Condenser 0 and Inductor L* cozmected in series with the plate circuit, 
govern the rate at which plate current Is allowed to Increase and 
decrease. 

The oscillations will be at the resonant frequency of the condenser 
and Inductor* 

An inductor condenser (having a resonant froquency) Is called a 
"tuned circuit". 

A vacuum tube with associated tuned circuits producing Its own grid 
drive (eicitatlon) is called a "self -excited oscillator". 
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This circuit Is the basis of vacuum tube oscillator circuits. The process of trans- 
ferring energy from the plate back into the grid circuit is called "feedback”. 

Some vacuum tube oscillators use mechanical devices to maintain frequency. These 
operate on the same principle but are not spoken of as "self-excited". 

EXAMPLE PROBLEMS 

1. Mhat Is the effect of moving the grid coll away from the plate coil? 

ANSt The magnetic field set up about the plate inductor will not set up ouch 
voltage in the grid coll. The oscillations will become weaker and will dis- 
appear entirely when the grid coll Is no longer In the field of the plat in- 
ductor. 

2 The grid of an oscillator tube Is supplied with sufficient bias to cut off the 
plate current. Will oscillation start when the tube is turned on? 

ANSt Ho. Oscillation cannot start because the plate current will remain at 
zero. However^ if oscillation Is «ice s'^artedy grid bias could be increased 
to a considerable negative value because of the voltage* idiloh would be ob- 
tained from the plate circuit. 


CLASSROOM PROBLEaiS 

1 A variable condenser is used in the parallel resmiant plate circuit. NiU 
changing the capacity of the condenser diange the frequency of osclUatiMi? 

ANS: 

2. A variable inductor is used in the parallel resonant plate circuit. Will 
changine the inductance of the inductor change the frequency of oscillation? 

ANS: 


OSCILLATOR CIRCUITS 



A grid leak and condenser have been add^' to the original cireult. The grid leak 
supplies bias. This limits the maximum peaks of the plate and grid current to 
Talues idilch will not^ damage the tube. 
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The plate currant of an oscillator tube contains alternating current* The grid 
coll can be omitted and a condenser used to transfer energy from the plate to 
the grid circuit* 

Energy transfer is produced by the alternating voltage across the condenser in the 
tuned plate circuit rather than by the changing field of the inductor. 

Variable condensers are generally used in the tuned circuits so the resonant fre- 
quencies may be easily varied. 

Oscillation will be strcmgest when plate and grid tuned circuits have the same 
resonant frequency* If their resonant frequencies are far apart » the grid and 
plate voltage will not change at the same rate* Oscillation will be weak or 
entirely absent* 



Hany vacuum tubes have sufficient capacity between the grid and plate to enable 
them to oscillate without the connection of an eicteivial condenser* The grid wires 
are close to the plate and give the same effect as a small condenser. 

This is called a "tuned plate-tuned grid” oscillator* 


EXAMPLE PROBLEM 

1* TIhy are the oscillators shown with grid leeUc bias rather than battery bias? 

ANSt A large amount of negative battery bias would prevent oscillations from 
starting at all* Grid leak bias is desirable for easy starting of oscillations 
and also for simplicity* 


CLASSROOM PROBLEM 

'I* A tube with rather small capacity between grid and plate will oscillate easily 
at high frequencies in a tuned plate- tuned grid circuit* Explain why an ex- 
ternal condenser would probably have to be added between grid and plate if it 
is to be used as a low frequency oscillator* 

AHSi 
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HOMEirORK 

1. Cathode bias reducea effective plate voltage by the aaount of cathode bias 
which is developed. Why? 

ANSt 

2. It is often advantageous to use only sufficient cathode bias to liait plat* 
current to a safe value with no excitation and obtain the renainder of tha 
bias from a grid leak. Why? 

ANS: 

3. Fixed bias of 50 volts is used on a tube. DC grid current with excitation 
is 50 aa. What is the bias with excitation? Without excitation? 

ANSI 

4. A 5>000 ohm grid leak is connected to the tube in Question 3* DC grid cur- 
rent with excitation is still 50 aa. What is the bias with excitation? 
Without excitation? 

ANSI ^ 

5. The plate current of an oscillator tube becomes high if the tube stops os- 
cillating. Why? 

ANSI 

6. How could you probably tell by a DC plate current alUlaaBeter whether or not 
a tube was oscillating? 

ANSI 
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CRYSTAL OSCILLATORS 



A oorrvotlj cat piece of quartz crystal has the peculiar property of beeoaing 
slightly thicker ehen voltage is placed across it in one direction and slightly 
thinner when voltage is placed across it in the other direction. 


When an AC voltage is placed across 'the crystal, ,it will actually vibrate. Each 
crystal has a certain natural frequency of vibration idilch depends on the thick- 
ness of the crystal and the naxmer in which it was cut from the original large 
block of quartz. When AC voltage of this frequency is placed across the crystal, 
it will vibrate very stronglY . | 



short spring vibrates fast thin crystal 

natural frequency high 


A thin crystal has a higher 
thick one. 

JUST BBjOW 

LOW TBEQ RESONANCE 


natural frequency of vibration than a 


HECBANICAL ACTION 
RESONANCE 


JUST AROVE 
RESONANCE 


HIGH FREQ 
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forms a condenser. But its action, when voltages of eartwi-n freouenciefl 
ai*e connected across it, is not at all like a condenser. 


PARALLEL INDUCTANCE 
AND CAPACITANCE 




QOARTZ CRYSTAL 



At ita resonant frequency a ciystal may be substituted 
denser in the tuned grid circxiit of an oscillator. 




tuned plate — tuned grid 


crystal controlled 


When the plate circuit is resonant at a frequenC7 near the natural vibration 
frequency of the crystal, the frequency of oscillation will be controlled by the 
crystal. Oscillation will not occur if the resonant frequency of the plate cir- 
cuit is made far dlfferoit from the crystal frequency, especially if the plate 
circuit is resonant at a lower frequency than the crystal. 


In adjusting this type of crystal controlled oscillator, the plate circuit is 
brought to resonance with the crystal, then backed off to a slightly higher fre- 
quency to Insure reliable operation. 


COMUON USES 

Quartz crystals are used where very exact control of oscillator frequency is re- 
quired. 

Each crystal permits oscillation on only one frequency. A large number of cry- 
stals would be required for an oscillator which is to work on any one of a large 
number of frequencies. Consequently, in many types of equipment it is desirable 
to use an oscillator which can be varied in frequency. 


EXAMPLE PROBLEMS 

1. Will a crystal control frequency equally well if it is placed in the plate 
rather than the grid circuit of an oscillator tube? 

ANS} Yes. Howevei* the power in the grid circuit of a tube is much lower 
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than the power in tlie plate circuit. There is much less possibility of frac- 
turing the crystal when it is used in the grid circuit. 

2. Wnat care should be used in handling a crystal? 

ANS: Quartz crystals are quite fragile. They are ordinarily enclosed in dust 

proof or evacuated holders. These should not be tampered with as long as the 
crystal operates normally. If it is necessary to clAeui the crystal itself, 
carbon tetrachloride can be used, handling the crystal only with a clean, lint- 
less rag. Evacuated holders should never be opened. 

3. Are crystals used to control oscillation at very high frequencies? 

ANS; Crystals for frequencies above 8 or 10 megacycles are very thin. It is 
difficult to grind them to the eicact desired thickness. In addition, they are 
so fragile that they are seldom found in usual equipment. 


CLASSROOM PROBLEMS 

L. An inductor and variable condenser are used in the plate circuit of a crystal 
controlled oscillator. They are adjusted to resonance at the crystal frequency 
For stable operation, should condenser capacity be increased slightly or should 
it be decreased slightly? 


ANS; 

2. A certain crystal controlled oscillator has a power output of 3 watts with a 
plate voltage of 300 volts. Increased power could be obtained by increasing 
the plate volatage. Might this be undesirable from the standpoint of crystal 
life? Why? 

ANS: 



NEUTRALIZATION 

(To prevent undesired oscillation) 


7 ^ 


'capacity between 


A' 


□ I 


II 


grid end plate 


An amplifier designed to amplify at only one particular frequency will have tuned 
circuits connected to its grid and plate. These are both tuned (adjusted) to the 
same resonant frequency. This circuit is actually an oscillator circuit. Oscilla- 
tion will occur if grid and plate circuits are tuned to a high enough frequency to 
cause very much energy to be transferred through the' capacity between grid and 
plate in the tube. 

Oscillation upsets the operating characteristics of an amplifier. It can be pre- 
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grid tuned circuit inductor. The neutralizing condenser is adjusted to be equal 
the grid'plate capacity of the tube. 


The plate will transfer voltage through tbs tube capacity of the grid. However :1 
will also transfer an equal voltage to the bottom of the grid coil through the 
neutralizing condenser. These voltages at the two ends of the grid inductor will 
produce opposite and equal fields which cancel. 


Neutralization by use of a center-tapped grid inductor is called "grid neutralize 
tion" . 



Neutralization can be accomplished by using a center-tapped plate circuit inductc: 
For any voltage at one end of the plate inductor, there is an equal voltage with 
opposite polarity at the other end. The grid gets a positive voltage through the 
tube equal to the negative voltage through the neutralizing condenser. Thus they 
cancel. 


Neutrcdlzation by use of a center- tapped plate inductor is called "plate neutral* 
ization" . 


EXAMPLE PROBLEM 

1. Why is neutralization more Importeint for high than for low frequency aiqpllfl* 
cation? 

ANSt The capacity between the grid and plate of a vacuum tube is not very 
large (usueilly from 2 to 20 mmfd.). At low frequencies, this small capacity 
has a high Impedance and does not pass much energy back to the grid circuit. 
At high frequencies, the impedance is lower and oscillation will result quite 
readily. 
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CLASSROOM PSOBLEU 

1. ^ tube will not start to oscillate by itself when fixed grid bias is large 

enough to prevent plate current flow. Still* it is Important to neutralise an 
amplifier even though it has a large amount of fixed negative bias. Why? 

ANS: 


SCBEEl-QBID TUBES 



Oscillation cannot occur if the capacity between grid and plate is reduced to a 
very small amount. This can be accomplished by placing a screen between the grid 
and plate and connecting this screen to the cathode . Such a screen is called a 
"screen grid". The original grid is called the "control grid" to distinguish it 
from the screen grid. This is a "four element" tube or "tetrode". 

The screen grid is connected to the cathode though a condenser so it will act as 
a screen only so far as ^ is concerned. It is connected to a DC volta a somewhat 
lower than that of the plate so it will not hinder the flow of electrons between 
cathode and plate. 

A large amount of amplification can be obtained with a screen grid tube. There is 
little tendency for the ^langes in plate currsAt to affect the grid and produce os- 
cillation. 


EXAMPLE PROBLEU 

1. What nappens if the screen grid is operated at a higher positive voltage than 
the plate? 

ANSt The positive screen causes the electrons from the filament to be travel- 
ing very fast when they hit the plate. The impact *dislodges some electrons 
from the plate and these are attracted bach to the more positively charged* 
screen. The result is that screen current is high and plate current is low. 
Little power Is supplied to the load attached to the plate circuit. 


OUSSROOM PROBLQl 

1. Why Is the screen grid made of a network of wires rather than a plate of metal? 
ANS* 
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FIVE-ELEMENT TUBES 
control grid screen grid 



During a portion of the AC cycle, the plate voltage may drop to a lower value than 
the fixed screen voltage. This causes loss of plate current at such times. 

A grid placed between screen grid and plate and connected directly to the cathode 
is called a "suppressor" grid. The suppressor grid is made with rather large open- 
ings so it will not hinder the flow of electrons between cathode and plate. It 
effectively prevents the flow of electrons from plats back to screen grid vrtien the 
plate is at a lower positive voltage than the screen grid (during the negative par*, 
of the AC plate voltage cycle) . 

This is called a "five element" tube or "pentode". 

Pentodes are often used in preference to four element tubes because greater effi- 
ciency can be had per tube. 


EXAMPLE PROBLEM 

1. Is the suppressor grid always Connected directly to the cathode? 

ANS; In some pentodes the suppressor grid is connected directly to the cath- 
ode inside the tube. Occasionally, a small voltage may be placed on the sup- 
pressor grid, but this is not usually done. 

CLASSROOM PROBLEM 

1. In some tubes, the control grid connection is brought out the top of the tube 
8epara^e from the connections to the other elements. Why is it so separated? 

ANS: 
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HOUEnORK 

1. Why will changing the resonant frequency of the plate circuit have little ef- 
fect on the frequency of a crystal oscillator? 

ANS; 

• 

Care must be taken to apply only low RF voltages to a crystal, especially 
when the frequency of such voltages is near the natural frequency of the 
crystal* Whj^ 

ANS:_ 


3* fJhat wovild probably happen if you dropped a crystal, whether it is in its 
holder or not? 

ANS: 

4* If the tap on the grid Inductor of a grid neutralized amplifier is not at the 
center of the coil, could the capacity of the neutralizing condenser be 
changed accordingly to -maintain neutralization? 

ANS; 

5* Why are oscillator circuits not neutralized? 

ANS; 

6. Why can greater plate efficiency be obtained with a pentode than a screen grid 
tube? 

ANS; 

7. Why is little useful power delivered by a screen grid tube when screen current 
is high and plate current low? 

ANS;_ 
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OTHER MULTI-ELEMIKT TUBES 



BEAU POWER TUBE 

The beam forming plates are connected to the cathode. 

The electrons leaving the cathode are formed Into two narrow streams directed at 
the plate. Few of them hit the screen on the way to the plate. The strong con- 
coitratlon of electrons near the plate prevents the return of many to the screen 
during the time the plate Is at a lower positive voltage than the screen. 

This Is called a "beam power" tube. It accomplishes the purpose of preventing 
the return of electrons from plate to screen grid. 

Beam power tubes are ccmnected In a circuit In the same manner as four element 
tubes. They give results similar to pentodes. Becun power tubes are often used 
In place of pentodes. 



Two txlodes are sometimes placed In the same tube. This conserves space and re> 
duces the number of tubes. This Is called a "twin trlode" tube. 


Some twin trlodes use separate cathodes for each set of elements. Others Use thi 
same cathode for both sets. 

jjfl screen giid>^r 


|1 control grid 


cathode 



screen grid #2 
'plate 

suppressor grid 
control grid fSL 


One type of special purpose tube Is built with two control grids. An AC voltag* 
connected to control grid #1 will control the flow of electrons from the cathod«> 
Another AC voltage can be connected to control grid #2. The current which flows 
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through the plats is controlled by the action of both AC voltages. 

This ie called a "converter" or "mixer" tube. Other types of converter tubes are 
built with even more grids. 

Many other special types of tubes are used> especially in small radio receivers 
irtiere compactness is important. 

Tubes which are to liandle large amounts of power are generally built with only 
three or four elements. 

EXAMPLE PROBLEM 

1. Name the essential types of radio tubes. 

ANSs All radio tubes are .essentially diodes, triodes, tetrodes or pentodes. 
Tubes having a large number of eloients are slBq>ly variations or combinations 
of these types. 

CLASSROOM PROBLEMS 

1. What type of single tube would be suitable for operation as an audio frequency 
class B amplifier 7 

ANSI 

2. What type of single tube can be used for a full wave rectifier 7 

ANSI : 
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A pendulum requires only one Impulse during each swing to keep it in tine. 

A parallel resonant circuit requires only one pulse of voltage during each cycle 
to keep the current oscillating back and forth between inductor eind condenser. 
The tuned circuit builds up high voltages from the§e impulses. 

A parallel resonant circuit used with a vacuoiu tube is called a "tank circuit". 


tube resistance low 
I — ^VW 


IO<X 


lOOv. 


a ^ 


tube resistance high tube resistance low tube resistance 

r ^wvvvvy -, 


lOOv. |i^ p 
B ? 

lOOv^^ 


average current high 

Tank Resonant Above Or Below Driver Frequency 



Tank Resonant At Driver Frequenc. 


Since plate current can flow in only one direction, its average value can be indi 
cated by a DC ammeter or mllllammeter. 

j 

When the tube grid is driven by AC, the tube resistance between filament and pletc 
alternately is low and then high. The rate of change of this resistance is goveri 
by the frequency of the grid driving voltage. 

If the plats tank circuit is resonant at a frequency quite different from the fre- 
quency of the driving voltage, it acts as practically a short circuit. Pull bat- 
teiv voltage is on the plate at all times. This causes the plate current to vary 
as the tube resistance is varied. Average plate current is quite high (left 
diagrams above) . 


If the plate tank circuit is resonant at the frequency of the driving voltage, the 
parallel resonant cirduit can be considered as an AC generator. At the instant 
the tube resistance is low (grid positive), the voltage across the tank opposes 
the battery voltage. Plate current is low . At the instant the tube resistance 
is high (grid negative) , the voltage across the tank reaches a peak in the posi- 
tive direction, aiding the battery. Plate current still does not become very 
high, since there is now high tube resistance. Average plate current is low 
(right hand diagrams above). 
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The effect of tne resonant tank circuit is to vnry the plate voltage above and be- 
low the battery voltage. This variation may be as much as from near zero to near 
twice battery voltage. 


PLATE TANK CONDEMSEF SETTING 



Wlien the variable condenser in a plate tank circuit is rotated, there is an abrupt 
dip in DC plate cxirrent as the tank reaches resonance at the driver frequency. 

Further rotation of the condenser causes plate current to retiun to a steady, 
rather high value. 

The high off-resonant plate current flows through the tube resistance. The tube 
plate will heat badly at off-resonance settings of the plats tank circuit in trans- 
mitter tubes. Output will be very low since there is little voltage across the out- 
put tank circuit. 



takf: resonant at driver frequency 

A resistor connected across the plate tank circuit acts as a load as far as AC is 
concerned. It will draw power whether the tank voltage is positive or negative. 

This causes a reduction in the voltage across the tank. Average plate current is . 
higher than with no load on the tank. 
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EXAMPLE PROBLEMS 

1. Why must care be taken when tuning the plate tank of a vacuum tube? 

ANSI Off-resonance plate current is very high and the power used is dissipat'^d 
cdmost entirely in the tube. Voltage should be applied to the tube only for 
short periods until the resonant setting is located. Otherwise there Is danger 
of dsunaglng the tube 

2. Why is the current flowing between the condenser and inductor in a tank cir- 
cuit hl^er at no-load than with a load connected? 

ANS: When a load Is connected, the AC voltage across the tank circuit is re- 
duced. This causes less AC current to flow in the tank. 


CLASSROOM PROBLEM 

1. Why does a plate tank condenser sometimes flash over when there is no load 
connected to the tank? 


ANSI 



A pendulum will keep swinging even though it only receives an impulse for every 
other swing . A stronger impulse is required than when there Is one for each 
swing* 


Current will oscillate back and forth in a parallel resonant clx*cult even thou^ 
it only receives an impulse of voltage every other cycle. These impulses must 
be stronger than when there Is one every cycle. 
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A Class C a]q>llfler gives a short but quite strong current pulse for each cycle 
of the driving voltage. 

When the plate tank is tuned to resonance at exactly twice the driver frequency^ 
these pulses will cause oscillation in the tank circuit. 

A vacuum tube operated in this manner is called a "frequency doubler". 

The efficiency of a doubler tube is much lower than when the output is at the 
same frequency as the input. No neutralization is rsqulrody since the plate and 
grid circuits cure at different frequencies. Neutralization will improve efficiency. 

lb;Kimum efficiency is obtained when there is large negative bias on tho grid, 
causing the plate ciirrent pxilses to be of very short duration. A rather large 
amount of driving power is required with high negative bias. Tube efficiency 
may be as much as 50^ under this condition. 

A vacuum tube may also be used to triple or quadruple frequen< 7 . In this cassy 
tube efficiency becomes very low since there is only one pulse of current for 
every three or four cycles. Driving power requirements becoeie more severe. 

More driving power may be required than is obtained in the output load. 
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EIAUPLE PROBLEM 

1. Why are frequency doublers used in inany aircraft radio transmitters? 

ANS: The use of one or more frequency doublers permits the use of a rela- 

tively low frequency oscillator even though output is required at hign fre- 
quency. This is especially useful when crystal oscillators are used, since 
there is a limit to the upper frequency at which crystals are practical. 


CLASSROOM PROBLEM 

1. Crystals are easily damaged if subjected to large radio frequency currents. 
Does this suggest another advantage of using a doubler between a crystal os- 
cillator and a high power amplifier in a transmitter? 

ANSj 
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HOUEHORK 

1. nhat elMBents are contained in a duplex-diode (twin diode) tube? In a 
duple-x-diode trlode tube? 

ANSj 


2. What is the usual purpose of a tube having two conti*ol grids? 

ANS: 

3. A single tube cannot be used as a Class B cunplifler at audio frequency because 
the negative half of each driver cycle is not reproduced by the plAte ciurrent. 
Why can a single tube be used as a Class B amplifier at radio frequency? 

ANS: 

4* When is the RF current in a plate tank circuit highest, at no-load or full 
load? 

ANS: 

5» Why is it more desirable to double frequency in a tube handling low power 
than high power? 

ANS: 

6. The plate tank circuit of a Class C amplifier can be tuned to a frequency ten 
times that of the driving frequency, and output will be obtained on the high 
frequency. Why is this never done in a transmitter? 

ANS: 
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COOPLIHG R, F. CIRCUITS M CAPACITY 



The output of an oscillator Is the radio frequency (RF) AC voltage across its 
plate tank circuit* This tank circuit can be likened to an AC or RF generator. 

The output is connected to the grid circuit of the following tube. A condenser 
in series with the doubler tube grid prevents the bias voltage from being short-ci; 
ouited through the oscillator plate tank. It also prevents the oscillator plate 
voltage from being connected directly to the doubler grid. This is a "blocking" 
or "coupling" condenser. 


FILTERING CIRCUITS 



ACTUAL CIRCUIT EQUIVALEMT CIRCUIT 


There Is a large RF voltage drop across the plate tank circuit. There is some Rf 
voltage drop across the plate battery as it has seme resistance. A condenser con- 
nected across the plate battery provides an easy path for the RF current so it 
will not have to pass throu^ the battery. 

The "groxmd" connection symbol indicates connections made to the metal chassis of 



The plate battery ndw has virtually no RF across it. The same DC plate supply 
(battery) can be used for both tubes. 

The by-pass condensers provide a path for the RF current so it will not stray in- 
to the DC plate supply. It allows AC current to return to each tube filament 
circuit and grotind. 
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The negative terminal of the high voltage DC supply is connected to "ground" or 
the common ground connection. The positive DC s\^>ply can go to tuiy desired number 
of tubes. 



Further insurance against RF voltages straying where they are not wanted lies in 
the use of an "RF choke" in series with the wire leading to the power supply. 

An RF choke is an inductor designed to have very high reactance in the general 
frequency range to be used in the equipment. Only a negligible amount of RF cur- 
rent will be able to pass such an Inductor even though it is not actually tuned. 

RF chokes are often used in connection with ficed bias on the grid of a tube. 

Such a choke prevents the loss of RF voltage at the grid of the tube, but pro- 
vides a low resistance path for the DC bias to the grid. A by-pass condenser 
connected fZom the end of the choke to ground effectively protects the negative 
bias supply from any RF which might leak through the choke. 

The positive terminal of the bias battery or supply is connected to the common 
ground termlncd.. One battery may be used to provide bias for several tubes wh^ 
it is so isolated fi^m the effects of RF voltages. 



It is sometimes deslrahLe to connect one end of the plate tank directly to ground. 
The blocking oondanser prevents short-circuiting the DC plate voltage. The RF 
choke prevents the high voltage RF at the tube plate from entering the high volt- 
age DC power supply. This choke also prevents the loss of RF plate voltage. 


EXAMPLE PROBLEM 

1. What factors must be oonsidered in the use of blocking condensers, by-pass 
condensers and RF chokes? 

AHSi RF will pass through condensers but not throu^ RF chokes. DC will 
pass through RF chokes but not through condensers. 

The components must always be arranged so the RF path is complete and does 
not pass through the power siq>ply. The DC path must be complete so eadt 
tube receives the necessary DC grid and plate voltages. 
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CLASSROOM PROBLEMS 

1. E^>lain the purpose of the blocking condensers, by-pass condensers, RF choke 
and resistor in the following circuit: 



ANS: 
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2. Erplaln the purpose of each element in the following common type of ajq>lifier} 


.OliwfiJ 



(T~ 


ANS: 


INDUCTIVE COUPLING OF R, F. CIRCUITS 


coupling HYDRAULIC 
ter * belt \ 




i 


LT 




reciprocating 
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Vh8D th« flyiriieels of two water motors are connected by a belt, the rotation of 
one causes the other to rotate. Thus, energy is transferred Tron one system to j 
the other. I 

llaHMum energy transfer occurs when the belt is tight and the second circuit is 
hydraulically resonant at the same frequency as that of the pump. 

When the belt is loose, little energy will be transferred. Crossing the belt doe: 
not affect the amount of energy transferred. It simply reverses the direction of 
flow in Ibfi second circuit . 

Similarly, when two Inductors are placed close together, they are linked together 
by a common magnetic field. Biergy is transferred from one circuit to the other. 

Uftriwiiw energy transfer occurs whan the Inductors are close together and tiae sec- 
ond circuit is resonant at the same frequency ss that of the voltage in the first. 

When the inductors are moved apart, the transfer of energy becomes less. Revers- 
ing the direction of the winding in the second coll does not affect the amount of 
energy transferred. It simply reverses the direction of the current in the sec- 
ong circuit. 

Coupling (transferring energy) by means of the fields of inductors is called "in- 
ductive” coupling. 

EXAMPLE PROBLBl 

1. Suppose the cylinder in the second hydraulic circuit is made quite small and 
the water motor flywheel quite heavy. This maintains hydraulic resonance 
at the same ft^equency as before. What is the effect on the pressture and 
flow? 

AMSt This causes marimum pressure to be a great desJ. higher and nari.m»im flow 
to be a great deal less, biergy transferred is still the same. Pressure and 
flow in the second circuit may be quite different from those in the first cir- 
cuit. 


CLASSROOM PROBLEMS 

1. What is the effect <m the voltage and current in the second circuit wbmn the 
capacity is reduced and inductance correspondingly increased? Is the power 
in both circuits equal? 

ANSt 
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2. What is the effect on the voltage and current in the second circuit when the 
inductance is reduced and the capacity correspondingly increased? 

ANS: 


DIRECT COUPLING ^ TANK CIRCUIT LOADS 



A load resistor connected across the plate tank inductor will receive the full 
RF voltage of the tank circuit. 

If the RF voltage across the tank circuit is 1.000 volts, a 5>000 ohm load would 
draw a load current of. 2 ampere. 

The same load resistor can be made to draw much less power from the tank circuit 
by connecting it across only part of the Inductor as shown at the center above. 

Thus, connecting the load half way down the tank inductor will reduce the RF 
voltage across the load to 500 volts. This reduces the current through the load 
to .1 aiqpere. The load now receives only 50 watts. 

FlnaLlly, as shown at the right, the plate can be tapped down on the inductor, giv- 
ing equally high load voltage. This voltage is greater than the RF plate voltage. 
Current is now .4 ampere and the RF load power is 800 watts. 

Moving the load connection to a different position on the inductor changes the 
amount of power delivered to the load. 

The plate tank condenser serves only to keep the tank circuit in resonance. It 
Is always set at the point of lowest dip of DC plate current . 

Transfer of energy by direct connection is called "direct" coupling. 
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EXAMPLE PROBLEM 

1. Suppose a 10,000 ohm load resistor is used in the above circuit. Where would 
it be connected on the Inductor to draw a power of 100 watts? 

ANSt It would be connected across the entire plate tank inductor. Then, RF 
voltage across the load is 1,000 volts and current through the load is .1 
ampere* Power drawn by the load is 100 watts. 


CLASSROOM PROBLEMS 

1. A DC miUianmeter is used to indicate DC plate current. What kind of ammeter 
is required to indicate current drawn by the load? 

ANSt 


2. &>w much DC power is supplied direct to the load? 

ANSt 

3* How much DC power is required in each case Illustrated above? What is the 
efficiency in each case? 

ANSt 
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HOHERORK 



The tank tuning condenser in circuit "C oust be able to stand a higher 
voltage without flaabover than the ones In circuits ”A” and ”B”. Hhy? 

nASt 


2* Refer to disgrans in Problem 1. What precaution must be taken if the tun- 
ing condenser in circuit "A” Is to be mounted on a metal panel? Would It 
be safe to touch the condenser shafts idiich Is connected to the rotor plates? 

ANSI 

3* Refer to diagrams in Problem 1* When using circuit "B* or the tuning 
condenser Is often mounted directly on a metal panel, with the shaft and 
rotor plates connected to ground. Why is this Impractical with circuit "A”? 

ANS* 

4« Refer to diagrams in Problem 1. Which circuit is least likely to cause a 
fatal shock if the tank Inductor is touched Inadvertently? 

ANS: 

5« Refer to diagrams in Problan 1. Why is circuit "A" or *B" generally prefer- 
able to circuit idiere slsable amounts of power are handled by the tank 
circuit? 

ANSt 

6. A load is direct coupled to a plate tank circuit. How can you tell from the 
setting of the plate tank condenser whether the load is simply a resistance 
or if it contains reactance? 

ANS: 
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INDDCTIYE CODPLING OF TANK CIRCUIT LOADS. 


AMP 



Xl AMP 


^DC Plate ^ 

- Ytiaoo 


enclose 
together 


0RM5 


, ^oad 
200 watte 



farther 

rb 70 MA 

^1200 


load 
50 watts 


A load can be coupled to a plate tanJc by inductive coupling* 

The arrow throuc^ the two Inductors indicates that the aaount of coupling can be 
varied by moving one inductor with respect to the other* 

When the inductors are placed so their fields coincide^ the load receives aacL- 
fflua power for the particular value of load* 

As the Inductors are moved apart« coupling (energy transfer) becomes leos. Thus, 
the amount of power delivered to the load is reduced* 


As with direct couplings tlie sole purpose of the plate tank condenser is to keep 
the tank circuit in resonance at the proper frequency* It is always set at the 
point of 'lowest dip of DC plate current* 


EKAMPLE PROBLEMS 

1. Does taming the coils so one is at ri^t angles to the other have the same 
effect as moving them apart? 

ANSs Yes. This prevents the magnetic field of the plate tank from setting 
up voltage across the inductor connected to the load* 

2* Can the RF voltage across the load be varied by changing the number of turns 
in the inductor connected to the load? 

ANSt Yes* Fewer turns In the inductor will cause less voltage across the 
load. Additional turns will increase the voltage across the load» within 
reasonable limits* 


CLASSROOM PROBLEMS 

1* X plate current decreases when the power drawn by the load is reduced. 
Will X plate current be zero idien no load is connected? 

ANSr 


2. In the circuit shown above, the plate of the tube would heat etcesslvaly idisa 
a load of 200 watts is drawn from the plate tank but not when the load is re* 
duced to 50 watts. Why is there less tube heating with a lifter load? 


ANSt 


Digitized 


»Go 


V 


Ip 


Original from j 


50 

UNIVERSITY OF MICHIGAN J 



RADIO PRINCIPLES 


CAPACITIVE COUPLING OF TANK CIRCUIT LOADS 




A load can b« coupled to a plats tank by capacitive coupling* 

Two tank condensers are used in series, with the loaui connected across one of tbeo. 

The voltage across the load Is determined by the relative capacities of the two 
tank condensers. 

When the condenser across the load has low capacity, its reactance is high* This 
means the RF voltage across the load will be high* 

When the condenser across the load has hl£^ capacity. Its reactance Is low* RF 
voltage across the load is low* 

The upper tank condenser is adjusted to bring the tank to resonance at the cor- 
rect frequency* Every time the setting of the ccaidenser across the load Is 
changed, the second condenser must be reset to the point of lowest dip of DC 
plate current. 

Thus, the lower condenser controls amount of coupling* The upper one is used 
to resonate the circuit* 


EXAMPLE PROBLEM 

1* Is this circuit suitable for a wide range of frequencies and loads? 

ANSi It will cover a wide range provided the inductance of the plats tank 
Inductor can be varied* This is sometimes dons by 'short-circuiting a few 
turns of the coll to reduce inductance. Wider changes are made by substitut- 
ing other Inductors In the circuit. 


CLASSROOM PROBLEMS 

1* Why Is it always important to be sure the plate tank is tuned to resonance 
(lowest dip of DC plate current meter}? 

ANS* 
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2. Th« tank eondensar across which the load Is connected Is set for correct load- 
ing* What change should be made In the plate tank Inductor if the second con- 
denser does not have quite enou^ capacity to tune to resonance at output fre- 
quency? 

ANS*^ 


PI HETNORK COUPLING OF TANK CIRCUIT LOADS 



The DC plate voltage is supplied to the plate through the RF choke. The RF choke 
prevents the passage of RF voltage back Into the plats simply. 

The plate blocking condenser permits passage of the RF current between plate and 
coupling unit but blocks the DC so It will not appear across the load. 

The plats tank Inductor can be adjusted to the desired amount of Inductance (in- 
dicated by the arrow through the Inductor) . 

This Is called a "pi network" coupling circuit because of Its resemblance In a 
diagram to the Greek letter "TT". 




All of the tube's RF voltage Is across the "tuning" condenser at all tines. Ad- 
justment of load voltage Is made by changing the amount of load condenser capacitj* 
This changes the relative amounts of voltage across the load and tuning condensers* 

After the load condenser is set, the tuning condenser mjst always be adjusted to 
resonate the tank circuit (lowest plate current dip). 
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Pi networks are sometimes used for coupling between tubes in transmitters. They 
are widely used for coupling of transmitters to antennas. 

EXAUPLE PROBLEIIS 


1. When is it necessary to vary the inductance in the coupling inductor? 

ANS: Some loads and frequencies may be beyond the range of the condensers. 
It is then necessary to change the amount of Inductance. The Inductor ac- 
tually controls coupling. 

2. What changes are necessary in adjustment if a condenser is placed in series 
with the load resistor as shown? Many antennas are equivalent to this type 
of load. 



ANSi The capacity of the load condenser must be reduced to compensate for 
the capacity idiich has be«i added in parallel with it. 


It must be further reduced to provide additional voltage across the load, 
since some voltage now appears across the reactance of the condenser in 
series with the resistor. 

The tuning condenser must then be readjusted to maintain resonance (plate 
current lowest dip) • 

3. What changes are necessary in adjustment if an Inductor is placed in series 
with the load resistor as shown? Some antennas are equivalent to this type 
of load* 



ANSj The capacity of the load condenser must be increased to compensate for 
the Inductance idiich has been added in parallel with it. 


However, there will be a voltage drop across this inductor so the load con- 
denser capacity must be decreased someirtiat to provide added load voltage. 
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The actual net change in load condenser capacity will depend on how much In- 
ductance is placed in series with the load resistor. 

Finally, the tuning condenser Is readjusted to maintain resonance (plate cui' 
rent lowest dip). 


CLASSROOM PROBLEMS 

1. What change should be made In the inductance of the coupling inductor Is un- 
able to get sufficient load with the circuit tuned to resonance? 

ANSx 


2. What chaxige should be made in the Inductance of the coupling Inductor If un- 
able to get sufficiently low loading with the circuit t^ed to resonance? 

ANS: 
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HOUEIIORK 

1* The . DC power drawn by the plate of a vacuua tube is found by multiplying the 
DC plate current times the DC plate voltage. Why is this power cdways greater 
than the RF power output of the tube? 

ANS: 

2. A load is inductively coupled to a plate tank circuit. How should the DC 
plate cxirrent change as the Inductors are brought closer together? What 
precaution must always be observed regarding plate tank condenser setting 
to be sure the tube is operating at maximum efficiency? 

ANSs 

3* In pi network antenna coupling, why is the tuning c<mdeDser always adjusted 
last? 

ANS: 

4. In pi network antenna coupling, is the circuit properly adjusted if the tun- 
ing condenser is left alone and the load condenser adjusted for minimum plate 
current? 

ANS: 

5* In pi network antenna coupling, what change is made in load cmdenser capacity 
to increase the power delivered to the load? To decrease the power delivered 
to the load? 

ANS:_ 
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TYPICAL AIRCRAFT TRANSMITTER OUTPUT COUPLING 



The output circuit is inductlTely coupled to the plate tank circuit* The amount 
of coupling can be varied by moving the tap on the coupling Inductor to include 
more or lees turns in the output circuit* More turns give more coupling. Fewer 
turns give less coupling* 

Since the load has a capacitive reactance (capacity and resistance in 
series) • it is necessary to add inductance to the output eli*cult to make 
it resonant at the output frequency* 

The coupling is set at minimum* The plate tank is tuned to resonmee (lowest DC 
plate current dip) * The Inductor is adjusted for maximum output current* 

Coupling is now increased for maximum allowable plate current, making sure the 
plate tank is exactly tuned to resonance as coupling is increased. 



load 


- @ 

Another system of varying coupling is to make the coupling Inductor movable with 
relation to the plate tank inductor. Coupling can be varied by rotating the 
coupling inductor (or by moving it closer to or farther away from the plate tank 
inductor). 

i^uning . inductor 



Sometimes the load has a very sm all series capacity (large capacitive reactance). 

A large amoiint of Inductance (inductive reactance) must be used in the output 
circuit to obtain resonance* This can be obtained by connecting an additional in- 
ductor in series with the tuning inductor* The additional Inductor often has only 
a few taps* Its inductance can be varied in rough steps by a switch* Finer ad- 
justments of inductance are made with the tuning inductor. 
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Finally, the plate tank condenser is reset to Insxire that the plate circuit is 

tuned to resonance (point of lowest DC plate current dip)* 



Sometimes, the load has inductive reactance (inductance and resistance in series). 
In this case, the coupling circuit oust contain capacitive reactance in order to 
resonate at the desired frequency. 

If the load contains a large amount of inductance (large inductive reactemce), the 
tuning condenser must be set for low capacity (large capacitive reactance) to com- 
pensate. Most of the tuning Inductor should be short-circuited so as not to add 
too much Inductive reactance to the circuit. 

If the load contains only a small amount of inductance (small Inductive reactance), 
the tuning condenser is set for higher capacity (smaller capacitive reactance). 
Uore of the tuning inductor will be reqiilred for resonance. 

tuning circulating 



When the load has a very high resistance, It is necessary to supply 
a high RF voltage across It In order to deliver much power. 

This high RF voltage can be obtaisaed by connecting a condenser across 
the output terminals. The capacity Is adjusted until capacitive re- 
actance is large enough to give the desired voltage across the load. 

The ammeter is used to indicate the amount of circulating current in 
the output circuit. It. Indicates, by its maacimum reading, when the 
circuit is tuned to resonance. Since circulating currents may become 
very high, the asmeter Indicates when they are excessive. 

The ammeter in the output circuit is no longer used to measure current 
to the load. If the ammeter were moved to the right to indicate only 
the load current, hardly any reading would be obtained on high resist- 
ance loads. 

The lower the capacity of the load condenser, the larger is the voltage 
across the load resistance for a given circulating current. The higher 
the voltage, the greater is the power delivered to the load. 
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Coupling is set at ninlnui. The plate tank Is tuned to resonance. The load con- 
denser Is set near capacltj. The tuning inductor is adjusted for reso- 

nance either by indication of the BP aaseter or by ■axin n rise of plate current. 

If resonance is not reached, try again with nore capacity. When resonance has been 
secured, ^ not touch the tu nin g inductor or load condenser agsin. 

Coupling is now increased for naxinun allowable plate current, nakln g sure the 
plate tank* is ,£caci^lZ resonance as coupling is Increased. In case naxi- 

coupling does not load the transnltter sufficiently, try another type of 
antenna coupling such as previously shown. 

EXAMPLE PROBLQIS 

1. May high voltages be developed across the inductors or condenser in an ou-t- 
put coupling unit? 

ANS{ les. When the reactance of an Inductor is leirge, the RF voltage across 
it nay become very high. This sonetines causes arcing over the ineulation and 
failure of the transnltter , especially at high altitudes. 

2. In the following circuit, what is a simple means of determining whether high 
RF voltage is being delivered to the load? 

RF voltage 
high 

resistance 
load 


AKSj High RF voltage will cause an arc when a pencil or screw driver 
with insultated handle is touched to the antenna post srid drawn 
away slowly* 

An ordinary lead pencil can be used to draw an arc from the RF 
output terminal of the transmitter. The capacity of the body to 
ground provides a path for si:ifflcient RF current to maintain a 
small arc. 


Relative amounts of RF voltage can be rourhlv determined by the 
amount of arc which can be drawn with a lead pencil* 

Caution - a bad bum will result if the antenna post is touched, 
with a finger. Keep fingers on the wood of the pencil. DO 
NOT use a metal cased pencil* 
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classroom PROBLBIS 

1* In th« foUoving droilt, the loaud has e large aaonnt of eapaeltj (mill oa- 
pad tire reactance). Should the toning inductor have large or well induot- 
cmee? Where would a short-circuiting tap be placed to obtain this InductanoeT 



ANSI 

2. In the following circuity the load has a wall aaount of eapacity (large oa- 
padtlre reactance). B^jlain how to adjust the clroult to resonance. 



3. In the following circuity the load has low reels tanowy with negligible capa- 
city or inductance. Explain how to adjust the circuit to resonance. 
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4. Assoae th« foUowlaf output circuit Is kopt rosonant at all tines. 



What adjuataent will place a lower llnlt on the anount of circulating cur- 
rent in the output coupling unit? 

ANSt 

5. What adjustment above will decrease the RF voltage across the load? 

ANSj 

6. Which unit above is adjusted to maintain resonance after the adjustment of 
another unit is changed? 

ANS: 

7. What precaution must always be observed in connection with the plate tank cix- 
cult? 

ANS: 
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H0UE?70RK 

An output coupling network is properlj adjusted for operation on 6,000 KC. 
Will this adjustment be changed very oiuch If the transioltter frequencj Is 
•shifted to 5990 KC? To 7,000 KC? 

AN£: 

What final adjustment is always made on a transmitter after eidjusting the 
output coupling network? 

ANS: 


In the following circuit, the output network has been properly adlusted for 
operation at 3,000 KC. What procedure would be required to readjust It for 
operation at a slightly lower frequency? 




Refer to diagram in Question 3. What can be done if the tuning Inductor does 
not have siifficient inductance for resonance? 


ANS; 


In the following circuit, bow could you determine if high RF voltage was be- 
ing supplied to the load? 



ANS: 

Refer to diagram in Question 5* Describe the method of increasing the amount 
of RF voltage supplied across the load resistor* 

ANS: ^ 
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AIRCRAFT TRANSMITTER ANTENNAS 



Large aircraft are equipped with several radio* antennas. The ones most commonly 
used for radio transmitters are the fin antenna and the trailing antenna. 


The fin antenna Is of fixed length. The wire connecting the antenna to the trans- 
mitter is called the "lead-in". It is run from near the forward end of the an- 
tenna, through an Insulator to keep it from short-circuiting to the plane struc- 
ture, to the trarsmitter in the forward part of the plane. 

The trailing wire antenna is wound on a reel so its length may be 
adjusted. It must be wound in before landing. The length of the 
antenna determines its impedance. Tuning may be accomplished by vary- 
ing antenna length. Low frequencies require long antennas. Common 
lengths used are* 250' for 500 KC or lower, 100' for 3 mogacvcles, 

50' for 6 megacycles. 

Short fixed antennas have low resistance at low frequencies. At high 
frequencies, the resistance udll vary over wide ranges depending upon 
the particular frequencies. Output tuning must be readjusted when 
frequency is changed. Sometimes a small change In frequency will 
greatly change the antenna resistance. 

eiahple problens 


1. Show the three types of load #ilch may be the equivcLLent of an antenna de- 
pending upon the frequency used. 


ANS: 


Low 


High 


I — 1 1 — j I ww — I p^A✓WV| diJ tVWVV — J 


Capacitive 


Resistive 


Inductive 


'.’."hat precautions shoxild be observed in handling trailing antennas? 


ANSj Cere must always be taken to exert a steady pressure on 
the h an dle of the reel. The reel locks in position automatically 
when the handle is released. If the antenna is being reeled out 
ropldly, sudden locking of the reel will cause severe strain on 
both the reel and the wire. The weight may swing up and damage 
the plane structure or the wire may break. Special care should 
be exercised at speeds above 150 U.P.H. 
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CLASSROOM PROBLOI 

1. The same antenna is usually used for both receiving and transmitting. Draw 
a diagram of a relay arranged to shift the antenna back and forth from re- 
ceiver to transmitter. Such a relay is often called an "antenna change-over" 
relay. 

ANS: 


TRANSMITTER KEYING 




HIGH VOLTAGE KEYING 

Radiotelegraph transmitters require a means of turning the output on and off by 
means of a telegraph key. This is called "keying" the transmitter. 

One means of keying is to insert a relay ir the high voltage plate supply lead. 
When the key is closed, the relay closes the DC circuit. 


When a screen grid tube is keyed by this means, an additional contact must be 
provided on the relay to remove the screen voltage at the same time the plate 
voltage is removed. Otherwise, the positive voltage on the screen will cause 
eccesslve screen current during the time there is no voltage on the plate. 


I 
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Another method of keying le to provide a high negative bias on the grid suffi- 
cient to cut off the flow of plate current. When the key is closed, it shcrt- 
circuits this fired bias, leaving only grid leak bias on the tube. The tube 
then operates normally until the key is opened, once more cutting off the plate 
current. 

A resistor must be used in series with the bias battery so the battery will not 
be directly short-circuited when the key is closed. 

This is called "blocked grid" keying. It is often used to key oscillator tubes. 


EZAMPLE PROBLEM 

1. Why is it necess€u :7 to eilways use a relay when keying high voltages? 

ANSt Use of a relay makes it possible to use only a few volte on the keying 
lines. This means safety to '^e operator as well as making it unnecessary 
to run heavily insulated high voltage leads to the key. 


CLASSROOM PROBLEMS 

1. The oscillator tube of a traneailtter is keyed. What types of bias may be 
used on the amplifier tube following it to prevent this tube from overhea't- 
ing idille the key is open? 

ANS: 

2. A transmitter is keyed by blocked grid keying. Is plate voltage still on the 
transmitter circuits, even when the key is open? 

ANS: 

3. Radiotelephone transmitters are often controlled by simply turning on and off 
the low voltage DC supplying the tube filaments and high voltage dynamotor. 
Why is this advantageous for a radiotelephone transmitter? Why would it be 
an unsatisfactory means of keying a^ radiotelegraph transmitter? 

ANS: 


4. The antenna change-over relay Is often connected to operate simul- 
taneously with the keying relay. What is the advantage of this? 

ANS* 
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CARBON MICROPHONE& 



Sound products a variation In praseure on the dlaphT'agn. This causes the dia> 
pbragm to bend in and out. Pressure on the carbon granules altematel 7 Increases 
and decreases. 

nben the granules are packed more tightly, their resistance decreases and a 
larger current flows thxcugh the microphone. When the granules are packed 
loosely, their resistance is Increased and less current flows through the micro- 
phone. 

The changes in microphone current produce a changing field in the windings of the 
microphone transformer. 

The fthangtng field in the primary of the microphone transformer causes an alter- 
nating voltage to be set up across the secondary of the transformer. This volt- 
age changes in accordance with the frequency and strength of the original sound. 

A varying voltage is therefore placed on the tube grid. 


COIIHCM OSES 

Carbon microphones are used edmost exclusively for aircraft, since they are sturdy 
and provide a much larger amount of voltage than most other types of microphone. 

A switch is usually included in the case of the microphone so the battery circuit 
will be closed only when actually using the microphone. An additional contact 
may be provided to turn on the transmitter at the same time. 


EXAMPLE PROBLEMS 

1. What is the cause of the slight hissing sound pxoc^ced a carbon micro- 
phone irtilch is heard during otherwise silent periods? 

ANS{ The carbon granules are heated sll^^tly by the passage of the battery 
current through them. This heating causes mild expansion Thich constantly 
causes B m all motions of the grains. The resulting variation in resistance 
gives a slight hiss even though the diaphragm is i^ot being moved. 
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2. How may th« output of the microphone transformer be adjusted tc glre the 
proper voltage for the grid? 



For mart will output, the movable contact Is moved to the top of the resistor. 
Moving the contact down the resistor reduces the voltage across the trans- 
former primary. This reduces the voltage supplied to the grid. 

variable 



Another arrangement often used places the replstor across the secondary of 
the microphone transformer. The grid Is connucted to a movable contact. 
Grid driving voltage Is mariffluffl when the contact Is at the top of the re- 
sistor and zero idien the contact Is moved to the bottom. 

In either case, a by-pass condenser Is placed across the microphone batterj. 
This connects the primary winding to ground as far as RF Is concerned, also 
preventing voltage from the RF circuits being fed into the low frequent 
speech circuits. 


CLASSROOM PROBLEMS 

1. What is the effect on microphone operation If the carbon grains become 
packed too tightly? 

ANS* ^ 


2* What Is the effect on microphone operation If the carbon grains are packed 
too loosely? 

ANSt 
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SPFrCH AMPLIFIERS 


Bicrophon* coupling 




Tb.e large volt&ge variation produced by a carbon microphone aakea It poaalble to 
secure an audio (voice) frequency output of several watts from a single speech 
amplifier tube* This is sufficient to drive a class B amplifier. 

The speech amplifier tube Is used to drive the grids of succeeding tubes. 

A microphone idilch causes very small variation In voltage must be followed by 
a pmtode or beam power tube used as a voltage amplifier. This will pirovlde 
suTflclent audio frequency ("AF") voltage to drive the grid of the speech ampli- 
fier. Such an amplifier Is called a "pre-ampllfler". 


EXAMPLE PROBLQi 

1. 1?hat Is the difference between a voltage amplifier and a power amplifier? 

ANSt A voltage amplifier produces large Increases In voltage for each such 
amplifier used. It produces little power as a rule so It usually drives a 
Class A tube. 

A power amplifier produces large Increases in power. It generally requires 
wider variations In Its grid voltage than does a voltage amplifier. It will 
require some power to drive it if Class B or Class C. 


CLASSROOM PROBLOIS 

I. Large aiiq)llflcatlon Is desired. What Is the difference In the resistance of 
the load for voltage amplifier and for a power amplifier? 

ANS: 


2. Draw a diagram of a pentode preamplifier tube followed by a trlode speech 
asqpllfler tube. 

ANSs 
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HOHEITORK 

1. The woHimiiB length of your trailing antenna is 250 feet. lou desire to 
transmit on 300 KC. ffhat length of wire should be reeled out? Is suffi- 
cient wire available? 

ANS:, 

2. How would the operator compensate when the trailing wire antenna is too short 
(at its full length) for the frequent to be used? 

ANS: 

3. When the fixed antenna of an aircraft is 60 feet long, why is it unnecessary 
to make use of the trailing antenna above 5 bc? 

ANS: 

4* Screen voltage for a tube can be obtained through a dropping resistor in series 
with the high voltage plate supply. Draw a diagram showing how the high volt- 
age supply for such a tube can be keyed by a relay having only one pair of 
contacts. 

ANSt 


5. The variable resistor controlling the aaovmt of grid driving voltage of a 
speech amplifier tube is the "gain" control. What is the effect on the 
speech amplifier output when the gain control is set for low grid driving 
voltage? For high £^d driving voltage? 

ANS: 

6. Why is a pre-amplifier unnecessary when a carbon microphone is used? 

ANSt 
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MODULATION 

> 


s 


cu: 


i^rent 


100 

ohms 

load 
1 anp 


A 100 volt-battary will force a current of 1 anpere through a 100 ohm load re- 
sistor. The resistor dissipates 100 watts, which is supplied by the battery. 


^ /~\AC generator 

— n 


-T_ 


too V mec 



100 

ohms 


peal^ cuft*ent 2 amps 


An AC generator is connected in the circuit. The voltage across the load re- 
sistor (and the resulting current throu^ it) is modified by the changing volt- 
aige of the AC generator. This process is called "modulation". 


At the instant the generator reaches peak positive voltage, the total voltage 
across the load is 200 volts. Load current is 2 amperes. Power is 400 watts. 



At the instant the generator reaches peak negative voltage, toted voltage across 
the load is zero. Load cxirrent is zero. Power is zero. 





The peak voltage of the AC generator alone is 100 volts. Its effective (RMS) 
voltage is volts. 


The peak current with the AC generator alone is 1 ampere. RMS value is ^ amps, 
Power l\zmlshed by the AC generator 1st ~ ^ 
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MODULATION OF R.F. ^OITER 



RF PLATE OR GRID VOLTAGE AF GRID OR PLATE VOLTAGE 0 L_ 

Time 

RESULTING PLATE CURRENT 


The current at the plate of a Class A amplifier tube varies directly with varia- 
tions in grid voltage. This variation is shovm at the left for the RF driving 
voltage. 

An audio frequency voltage can also be placed on either the grid or the plate. 
The two voltages will produce the resulting plate current shown at the right. 

The RF portion of the plate voltage is still varying over the same range as be- 
fore the audio frequency was added. RF power output is still the same. 

A Class A amplifier is not suitable for modulation whetlier the AF voltage is 
added on the grid or the plate as the audio frequency does not change the power 
output. 


GRID MOIWLATED AMPLIFIER 



Time— ► «nme — ► 

RF GRID VOLTA® AT GRID VOLTA® RESULTING PLATE CURRENT 


The current at the plate of a Class B amplifier tube varies from 
zero to maximum in accordance with the top of the positive halves 
of the cycle of grid driving voltage. 


For gidLd bias modulation, the bias voltage is about twice that used 
for normal Class B service. To distinguish this amplifier, it is 
called a grid bias modulated amplifier. 


^fhefn. an AF gi*id voltage is added to the EV grid driving voltage, the 
plate current varies from zero to T^VICE the vedue reached with only 
the RF grid voltage. 
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The RF power output, therefore, variea fron zero to a PEAK OF FOUR TIMES the value 
reached with oolj the RF grid voltage* Thla is the coDdltlcn of 100)( Bodulation. 


CLASS "C" MODULATED AMPLIFIER 




RF PLATE VOLTAGE 


AF PLATE VOLTAGE 



RESULTING PLATE CURRE^iT 


The RF plats current of a Class C aopllfisr cannot be increased by increasing 
grid voltage. Grid drive is so large that additional drive voltage will not in- 
crease psak plate current further* 

However, the olate voltage is increased* RF current peaks 2 ^,). beoone hiriiay. 

When the DC plate voltage is varied tram zero to twice its noraal value, RF plate 
current varies fron zero to twice nomal* RF output power varies froa ZERO TO A 
PEAK OF FOUR TIMES NORMAL POWER. This is the condition of 100% nodulation* 

The RF output of a Class C aiqillflsr can be ondulated 100^ by adding to the norsial 
plate voltage an AF voltage having a peak value equal to the normal DC voltage* 


EXAMPLE PROBLEM 

1* A grid modulated RF amplifier is nodulated by adding AF voltage to the RF grid 
driving voltage* What is the effect on the percentage of a»dulation if the 
peak of the AF voltage is low T 

ANSt Peak plate current will not increase to twice the unmodulated value* 
Modulation will be less than 100)(* 


CUSSROCM PROBLEM 

1* A Class C RF amplifier is modulated by adding AF voltage to the DC plate vx>lt- 
age* What is the effect on the percentage of modulation if the peak of the 
AT voltage Is lower than the nomal DC plate voltage? 

ANSt 


Digitized by 


Goi ’gle 


72 


Original from 

UNIVERSITY OF MICHIGAN 


RADIO PRINCIPLES 


PLATE MODPLATIOM 
(Class G RF ai^>llfler) 



Ths tube plate current is varied from aero to twice its noraal DC value by neans 
of the AC in series with it. 

The RF power in the plate circuit is varied^ at audio frequency, between zero and 
four times normal DC value. This the condition of 100$ modulation. 




The DC plate voltage is varied by the addltLoo of audio frequency voltage. This 
changes the RF voltage as shown above. 


100$ modulatlcm will cause the antenna load current to increase 22$ above its un- 
modulated value. 




— lUseing Power 
i^Power Added 



When a heavy load is placed on the plate tank, the tube is no longer able to de- ^ 
liver the necessary high RF ciirrent peaks. 
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With 10056 modulation, the antenna current of an over-loaded RF amplifier will not 
increase 2256. It may increase slightly or,>sven decrease. This is because the mod- 
ulation is removing some PIF power on the negative lialf of the AF cycle and NOT ADD- 
ING any appreciable power on the positive half of the cycle. 

This condition is frequently encountered in the adjustment of aircraft transmitters. 

IF THE ANTENNA CURRENT DOES NOT INCREASE ABOUT TWENTY PER GENT ON HEAVY MODULATION, 
ALWAYS REDUCE THE COUPLING BETWEEN THE TRANSMITTER AND THE ANTENNA. 

On the other hand, if the antenna current rises much more than 22^, coupling be- 
tween the transmitter and antenna should be increased. A large increase in antenna 
current with modulation Indicates that the antenna is not taking enough power from 
the modulated tube. 



voltage 

Plats modulation is usually accomplished with two audio frequency amplifier tubes 
operated in Class B. These are tiie "modulator" tubes. They receive their grid 
drive from the speech amplifier tube. 

The DC plate ctirrent of the Class C aiqplifler should remain steady with modulation. 
Actually the DC plate voltage source is affected during modulation as some varia- 
tion on AC plate current is found. 


EXAMPLE PROBLEMS 

1. Can a Class A amplifier be used to supply audio frequency power for plate 
modulation? 

ANS: Yes. However, the efficiency of a Class A amplifier is much lower than 

for Class B. This makes Class B more economical idien modulating an RF cuapli- 
fier which requires a very large amount of AF power; especially where weight 
is at a premium. 

2. Will the DC plate current of the Class B modulator vary during modulation? 

ANS: Yes. A Class B modulator is biased near cut-off so there is little 

plate CTirrent until grid excitation is applied. 
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CLASSROOM PROBLEM 

A propsrl 7 adjusted radiotelephone tremsmltter will cause antenna current to 
Increase appro iclmatelj 2Qf% when 100$ modulated by a steady tons. Why will 
the increase in current average considerably less when the transmitter is 
modulated by normal speech? 

AHS» 
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HOHENORK 


1 . 


In th« following cireult» iriiat peak AC generator voltage le reqiilred for 100% 
Bodulatlon? 



ANS: 


2* Refer to the dlagraw in' Question !• At 100% nodulation* iriuit will be the 
reading of a DC ammeter connected in series with the load? An AC ammeter? 

ANSI 

3* Refer to the diagram in Question !• At 50% modulation^ idiat will be the 
reading of a DC ammeter coijhected in series with the load? An AC ammeter? 

ANSI I : 

4. What is the effect the plate current of a grid nodulated asqplifier if the 
AF grid voltage has too high a peak value? 

ANSI 

5« Nhat le the effect on the plate current of a Class C modulated amplifier if 
the AF plate voltage has a peak of more than twice the steadj X plate volt- 
age? 

ANSI 
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The DC grid blae voltage Is varied by the addition of audio frequency voltage. 
This changes the RF plate current as ahonn. 


100)( Biodulatlon will cause the antenna (load) current to increase to 22% above 
its unsiodulated value. 
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When a heavy load is placed on the plate tank, the tube is no longer able to de- 
liver the necessary high PJ current peaks. 

With 100% modulation, the antenna current of an over-loaded RF amplifier will not 
increase 22%. It may increase slightly or often decrease. This is because the 
modulation is removing some RF power on the negative half of the AF cycle and NOT 
ADDING any appreciable power on the positive half of the cycle. 

This condition is frequently encountered in the adjustment of aircraft transmit- 
ters. ^ 

IF THE ANTENNA CURRENT DOES NOT INCREASE ABOUT TWENTY PER CENT ON HEAVY MODULATION, 
ALWAYS REDUCE THE COUPLING BETWEEN THE TRANSMITTER AIJD THE ANTENNA. 

On tne other hand, if the antenna curreiat rises much more than 22%, coupling be- 
tween the transmitter and antenna should be increased. A large increase in an- 
tenna current with modulation indicates that the antenna is not taking enough 
power from the modulated tube. 



Grid modulation is usually accomplished with a single audio frequency amplifier 
tube operated in Class A. This is called the "modulator" tube. 

The high output of a carbon microphone permits the use of a single tubs acting 
as both speech amplifier and modulator. Very little audio frequency power is 
required for modulation. The purpose of the modulator is to vary the grid bias 
voltage at audio frequency. 

The unmodulated RF output is limited to one fourth the maicimum obtainable out- 
put. This is because the modulated amplifier must be able to supply peaks of 
four times the unmodulated power. 

The DC plate current should remain steady during modulation. Slight variations 
in DC plats supply voltage will cause soma variations. 
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Ths RF grid drive is obtained from a tube which is grid or plate modulated to 
produce modulated RF drive for ths Class B amplifier. 

When the RF grid drive is unmodulated, RF plate current will flow in accordance 
with the positive halves of the driving voltage cycle. 

When the RF grid drive is moduliited, RF plate current will reach peaks of twice 
as much current as when unmodulated. Plate RF power vdll vary from zero to a 
peak of four times the unmodulated value. This is the condition of 100^ modxila- 
tion. This is called a linear amplifier because the positive halves of the RF 
driving voltage are eicactly reproduced in the plats current. 



When a heavy load is placed on the plate tank, the tube is no longer able to de- 
liver the necessary high RF voltage and current peaks. 

With 100$ modulation, the antenna current of an over-loaded RF amplifier will not 
increase 22$. It may increase slightly or even decrease. This is because the 
modulation is removing some RF power on the negative half of the audio frequency 
cycle and NOT ADDING any appreciable power on the positive half of the cycle. 

This condition is frequently encountersd in the adjustment of aircraft trans- 
mitters. 

IF THE ANTENNA CURRENT DOES NOT INCREASE ABOUT TWENTY PER CENT ON HEAVY MODULA- 
TION, ALWAYS REDUCE THE COUPLING BETWEEN THE TRANSMITTER AND THE ANTENNA. 

On ths other hand, if the antenna current rises much more than 22$, coupling be- 
tween the transmitter and antenna should be increased. A large increase in an- 
tenna current with modulation indicates that the antenna is not tjtlrln g enough 
power from the modulated tube. 

The unmodulated RF output of a Class B linear amplifier is limited to one fourth 
the maximum obtainable output. This is because the amplifier must be able to 
supply peaks of four times the unmodixlated power. 

The DC plate currant should remain steady during modulations. Slight variations 
in DC plate supply voltage will cause some variations. 


EXAMPLE PROBLEMS 


1. How does the carrier power of a linear amplifier compare with that of a grid 
modulated amplifier? With a Class C plate modulated amplifier? 


ANS: The carrier power of 

grid modulated amplifier, 
xhen plate modulated. 
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2. Deecrlbe the method of adjusting a linear RF amplifier. 

ANS: Set ficed grid bias at about cutoff value. Adjust unmodulated RF drive 

to the point where increased drive just gives no added increase in plate and 
RF output current. Read antenna, current (making sure final plate tank is set 
at resonance). Decrease RF drive pitil antenna current drops to one-half its 
maicLmum value. This gives a carrier power of one-fourth the marl mum power 
available and is correct if the load is proper. 


CLASSROOU PROBLEUS 

1. A Class A amplifier will give faithful reproduction. Why is such an amplifier 
undesirable where any sizable RF power is to be handled? 

ANS: 


2. Why is it Impossible to use a Class C amplifier as a linear amplifier? 
ANS: 
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HOMEWORK 

1. A certain tube is capable of delivering a carrier power of 200 watts when plate 
modulated. Approximately what carrier power can be obtained if the seune tube 
is grid modulated? 

ANS; 

2. Why does doubling the antenna current mean four times as much power is being 
supplied to the antenna? 

AN£: 

3. Why can a tube be expected to deliver about the same carrier power with grid 
modulation as when it is used as a linear amplifier? 

ANS: 

4* Why is the average antenna cvurrent of a radiotelephone transmitter higher 
with steady tone modulation than with voice modulation? 

ANS: 

5* The luuDOdulated carrier of a radiotelephone transmitter is more than one- 
fourth of the peak obtainable output. What is the effect on the output irtien 
modulation is attempted? 

ANS: , 
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COMPARING FREwUEI^ClES 


600 KC 


60S KC 



HIGH WHISTLE 
5000 cycles 
(5 KC) 



600 KC 


601 KC 




The whistle caused by two radio stations transmitting on near the same frequency 
is called a "beat note". 

The frequency of beat note is equal to the d_fference in frequency between the 
two stations. 


EKAHPLE PR0BLE3IS 

!• One radio station transmits on 1490.0 KC and another on 1490.5 KC. Both 
3td\.ions are heard with equal strength. What beat note will be heard? 

ANSj Beat note frequency ■ Frequency difference 

Beat note = 1490.5 - 1490.0 = .5 KC or 500 cycles. 
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2. A local radio station operates on 1490.0 KC. A station 2,000 miles a«a7 
operates on 1490.5 KC. What beat note would be heard? 

ANSt Probably none. The signal from the distant station would not be loud 
enough to have much effect on a local station. 


CLASSROOM PROBLEMS 

1. One station operates on 600.0 KC and another station on 559.25 KC. What is 
the frequency of the beat note irtiich will be heard? 

ANS:_ 

2. A high frequency broadcast station operates on 9*7005 MC. Another operates 
on 9.7010 UC. What is the frequtficy of the beat note? 

ANS : ^ 

3. Two stations operate on frequencies 15 cycles apart. Will a beat note be 
heard? 

ANS; 


HARMONICS 

(Whole multiples of a frequency) 


Frequency Produced 
(Fundamental) 


Additional Frequencies Heard 
(Harmonics) 




2nd harmonic 3rd harmonic 4th harmonic 
200 cycles 400 cycles 600 cycles 800 cycles, etc. 


101 cycles 202 cycles 303 cycles 404 cycles, etc. 



Second harmonic of 101 cycles = 202 cycles 
Fundamental of 200 cycles = 200 cycles 
Both notes sound . close together (2 cycles 
apart) 

Fourth harmonic of 101 cycles s 404 cycles 
Second harmonic of 200 cycles = 4OO cycles 
Again, both sound close together (4 cycles 
apart) 


A haitaonlc is a whole oultiple of the fundamental frequency. 
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not hear Just one note on a piano. You hear harmonics of that note 
too. The relationship of hamonlc amounts makes it possible for 70U 
to tell the dlffei*ence between a piano and an organ BOTH of which are 
soxxnding the same fundamental frequenc 7 . 

Harmonics, as well as fundamentals, can be used to con^are two frequencies. 

EXAUPU! PROBIilCUS 

1. What is the fourth harmonic of a radio sicmal whose fundamental 
fjrequenc 7 Is 225 KCT 

ANSI 4th harmonic a 4 x fundamental ■ 4 x 225 = 900 EC. 

2. What beat note will be heard between signal "A" having a fundamental 
fraquenc 7 of 1000 EC and the fourth harmonic of signal "B", which 
has a fundamental frequenc 7 of 249 ECT 

ANSI Prequenc 7 of signal "A" a 1000 EC 

4th harmonic signal "3" = 4 x 249 = 996 EC 

Beat note — 1000 — 996 — 4 EC or 4000 C 7 Cles 

3. One station is at 250 EC. The frequenc 7 of a second station is 
slowl 7 Increased from 249 EC to 251 EC. What will haonen to the 
beat note? 

ANSI The beat note will graduall 7 decrease from 1000 C 7 cles until 
it becomes zero when the second signal is exactl 7 250 EC. This 
is known as "zero beat". When the frequenc7 of the second sigzial 
is further increased, the beat note frequenc 7 will increase. When 
the frequenc 7 of the second signal reaches 251 EC, the beat note 
will be 1000 C7cles. 


CLASSROOM PROBLEMS 

1 . What is the third harmonic of a radio signal whose fundamental 
frequenc 7 is 2495.5 ECT 

ANS I ^ 


2. What boat note will be heard between signal "A", having a fundamental 
frequenc 7 of 9981.980 EC and the fourth harmonic of signal "B", 
which has a fundamental frequenc 7 of 2495.500 ECT 

ANSI 


Ac 
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FREOaEMCI INDICATORS 
(Compare known and unknown frequencies) 

Frequency Indicator Indicated Frequency Radio Station 

(Also producing harmonics) (Signals set to zero beat) (Freq. known approximately) 



Indicator = 201.11 KC 
Station is 201.11 KC 


Indicator = 225.20 KC 
2nd harmonic = 450.40 KC 
Station is 450.40 KC 


Indicator = 2495.5 KC 
Station is 2495.5 KC 




Indicator = 3001.5 KC 
2nd Harmonic » 6003.0 KC 
Station Is 6003.0 KC 



Aoorox. 
200 KC 


Approx. 
450 KC 


Anorox. 
2^ KC 


Approx. 
6000 KC 


Frequency Indicators are used widely. An oscillator, idiose frequency is cali- 
brated, Is adjustable over a range of frequencies by rotating its dial. 

The low frequaicy range covers 125 to 250 KC, The fundamental frequency and the 
second, fourth and eighth harmonics are used for comparison purposes. Thus, 
frequencies from 125 to 2000 KC may be covered on the "low" rauige. 

The high frequency range covers 2,000 to 4»000 KC. The fundamental frequency 
and the secdnd, fourth and fifth harmonics are used for compeurison purposes. 
Thus, frequencies from 2,000 to 20,000 KC may be covered on the "high" range. 

A small radio receiver is incorporated In the indicator. The signal from the 
oscillator is combined with the signeJ. whose frequency is ‘known only approxi- 
mately. The oscillator frequency is adjusted for zero beat between the two 
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frequencies. The frequency of the outside signal oust be known approdoately so 
there will be no doubt which haraonlc of the oscillator Is beating with It. 

The process of combining two signals to cause a beat note Is called "heterodyn- 
ing”. Thus, the Indicator oscillator Is called a "heterodyne* oscillator. 


EXAMPLE PROBLEMS 

1. Harmonic frequencies of a nearby transmitter will be easily audible In the 
receiver of the frequency indicator. Is there danger of setting the trans- 
mitter on a frequency idilch Is exactly cme'^ialf or one-third of the desired 
frequent^ 

AMSt les. This has been done by a careless operator. The calibrations on 
the transmitter dials «u:e correct. Care must be takn to set 

the transmitter according to these calibrations before using the frequency 
Indicator to obtain a more exact ' setting. Also, use as short an antw""* on 
the frequency indicator as possible. No antenna at all should be used when 
very near the transmitter. 

2. An operator attempting to set his transmitter on 6,000 KC accidentally sets 
Its second harmonic on this frequency. Nhat will be the fundamental fre- 
quency? Will he be able to communicate with stations on 6,000 KC7 

ANS: The fundamental frequency of the transmitter will be 3000 KC. Normally 

only the fundamental frequency of a transmitter can be heard at any distance. 
The transmitter will not be heard h7 stations listening on 6,000 KC althoo|^ 
he can hear the 6,000 KC harmonic on his own receiver. However, it will 
interfere with stations using 3,000 KC. 


CLASSROOM PROBLEMS 

1. What Is the effect on the accuracy of Indication If the frequency of the 
heterodyne oscillator is not set at exactly ssro beat with the incoming 
signal? 

ANSI 


2. What Is the effect on the accuracy of indication If the wrong harmonic of 
the heterodyne oscillator is set to zero beat with the incoming signal? 

ANS* 
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MEASDRING FREQUENCY OF A DISTANT STATION 



FREQUENCY INDICATOR RECEIVER DISTANT STATION 

4th barmcmio s 4 < U9.95 = 599*80 KC 
Freqaano/ of distant station ^ 599.80 KC 

The frequeno 7 Indicator is not sensitive enough to receive distant stations di- 
rectly. 

The distant station is tuned in on an ordinary radio receiver. The frequanoy 
indicator is coupled to the receiving antwna by a short piece of wire* No 
electrical connection is used) coupling is by capacity. 

The frequency of the distant station is appro dmated lb£ the dial setting of tha 
receiver . The heterodyne oscillator is then adjusted to sero beat with tho sig- 
nal. 

Frequencies of distant stations are indicated with a high degree of aoouraoy. 

They oust be known appro daately so the proper heterodyne oscillator hamonio 
will be chosen. 


EXAMPLE PROBLSU 


1. A distant station operates on approximately 400 KC. Ilhen ad- 
justed to zero beat with the signal, the frequency of the 
heterodyne oscillator is 199.90 KC. Which harmonic of the 
oscillator is being usedT What is the frequency of the distant 
station? 

ANSt The second harmonic of the heterodyne oscillator is being 
used. The frequency of the distant station - 2 x 199.90 r 399.80 KC 


CLASSROOU PROBLEM 

1. A distant station operates on approximately 10,000 KC* When 
adjusted to zero beat with the signal, the frequency of the 
heterodyne oscillator is 2505.50 KC. Which harmonic of the 
oscillator is being used? What is the frequency of the distant 
station? 

ANSt 
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HOHE7:ORK 

1. When would you eiqpect to hear the louder beat note, with two signals of about 
the same strength or with one very loud and one weak signeil? 

ANS: 

2. What beat note will be heard between signal "A", having a fundamental fre- 
quency of 5,000.00 KC, and the second harmonic of signal "B", having a fun- 
damental frequency of 2499 • 99 KC7 

ANS; 

3. When setting transmitter frequency by means of a frequency indicator, why 
should you avoid the use of too long an antenna on the indicator? 


ANS: 


4. A distant station operates on appro rimately 6,000 KC. Which frequency range 
would you use on a frequency indicator when measuring the frequency of this 
station? 

ANS: 

5. How useful is a frequency indicator if the receiver and transmitter are not 
already calibrated in appro dmate frequencies? 

ANS: 

6. Can you tell which harmonic of a heterodyne oscillator you are hearing if no 
attention is paid to receiver calibration? 

ANS: 


CQ 
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CORRECTION OF HETERODINE OSCILLATOR CALIBRATION 


8th Haraonlc 1000 KC 


1000 KC Crystal oscillator - 
( switch) 

Receiver in same xmlt 


CORRECTOAl 


129.00 




- 


CRVSTALVv.^ FRECVBANoI 

A. \ 




pwown 

-*• 


-Adjust for zero beat 
Heterodyne oscillator(d±al) 


The dial calibration of a self-excited oscillator varies from time to time due to 
changes in tempera ture, humidity, voltage, etc. These changes slightly alter the 
resonant frequency of the circuit elements. 

Dial calibrations may be corrected by comparing the heterodyne oscillator fre- 
quency with that of an oscillator having a known freouency. A second oscillator 
controlled by a crystal whose frequency is always within a few cycles of 1000 KC 
is Incorporated in the frequency indicator. 

The heterodyne oscillator is equipped with a "corrector". This is a small vari- 
able condaiser connected in parallel with the larger condenser used to set the 
heterodyne oscillator. 

Numerous points are available on both the "low" and "high" heterodyne oscillator 
ranges idiere exact comparisons can be made with the crystal oscillator frequency. 
Fundamental and harmonic frequencies of both oscillators are used to increase 
the number of check points. 



The frequency indicator commonly used on aircraft has a heterodyne oeelllator, 
crystal oscillator and receiver built in one unit. A dry battery power supply 
is contained in the case, forming a complete, readily portable instrument. 


ADJUSTMEJIT OF CORRECTOR 

Before making any frequency measurements, the heterodyne oscillator must flrsl be 
corrected for the crystal check point nearest the frequency to be measured, aXter 
allowing it to warm up for a few minutes. 

For example: It is desired to correct the oscillator at 125 KC. First set the 

heterodyne oscillator died at exactly 125 KC . Switch on the crysted oscillator. 
The eighth harmonic of the heterodyne oscillator will beat with the 1000 KC 
crystal frequency. Rotate the corrector knob until the two signals are exactly 
at zero beat. 
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Always turn the crysteJ. off before attempting any frequency measurements. 


MALFUNCTIONING OF FREQUENCY INDICATORS 

Occasionally, it may be impossible to set the heterodyne oscillator to zero beat 
by adjusting the "corrector” condenser. This may be due to equipment failure, an 
siTor in dial setting or extremes of humidity. 

No effort should be made to use the frequency Indicator when the heterodyne os- 
cillator frequency cannot be accurately checked. 

Lacking a frequency Indicator, the transmitter may be set by tuning a station on 
the desired frequency with the receiver. The transmitter Is then set to aero 
beat with this frequency, using the receiver. This procedure should be followed 
nnlv when the frequency indicator cannot be used . 


EXAMPLE PROBLEMS 

1. Why is it not advisable to make habitual use of the receiver instead of the 
frequency indicator when setting transmitter frequency? 

AMS: The station you hear may not be on the exact frequency desired, ^t is 
oftra difficult to exactly duplicate the frequency using the receiver. The 
frequency indicator is designed for the specific purpose of indicating fre- 
quency accurately . 

2. When tuning the oscillator to compare its frequency with that of the crystal, 
numerous weak beat notes are heard in addition to the strong ones used as 
check points. Might this cause errors in setting heterodyne oscillator 
frequency? 

ANS: Yes. The weak beat notes are caused by high harmonics of the two os- 

cillators beating together. The harmonics used as check points give much 
stronger beat notes because low order harmonics are used. Higher harmonics 
of an oscillator become quite weak. A little care in listening will prevent 
confusion and errors. Be especially careful not to allow too strong a signal 
to enter the frequency Indicator. 


CUSSROOM PROBLEMS 

1. The ”hl£^" heterodyne oscillator band covers 2,000 to 4,000 KC. It is de- 
sired to check the calibration at 2,000, 3»000 and 4*000 EC. Which harmonics 
of the 1,000 KC crystal oscillator will beat with the fundamental frequency 
of the heterodyne oscillator? 

ANS: 

2. The heterodyne oscillator is to be checked at 3,500 SC. Which harmonics of 
the heterodyne oscillator will beat with the 7th harmonic of the 1,000 KC 
crystal oscillator? 

ANS: 
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3» After setting the "corrector", the crystal oscillator must always be turned 
off before attempting to use the indicator on an outside signal. Why? 

ANS: 


READING FREQUENCY INDICATOR SCALES 


dial 

HUNDREDS 


The dial narked "dial units* is rotated by turning the knob. It is divided 
into 100 divisions. The vernier permits reading it to an acouraoy of one- 
tenth division. 

The "hundreds" dial is geared to the "units" dial so it moves up one division for 
each complete rotation of the "units" dial. It is divided into 50 divisions. 

Thus there are 5»000 divisions covering the range of the tuning condenser. Each, 
division is readable to one-tenth division by use of the vernier. 

To read: Read "hundreds" scale first 09 

Read "units" scale second 01 
Read vernier last .4 

Put together 0901. 4 (Do NOT add) 

Always read the "hundreds" and "\mits" scale to two munbers (as 02, 09, 22, etc . ) . 

"Hundreds" scale "Units" sceLLe Vernier Correct answer Common wrong answer 

10 01 1 1001.1 101.1 

Always read "hxmdreds" and "units" two numbers . 



DIAL UNITS 



09 (almost)* 98 3 0898.3 0998.3 

*The "09" is almost up to its line. The answer is 
near to 09 but is actually 0898.3 


10 14 1001.4 101.4 

The reading of the "units" scale omitted the nec- 
essary "0"; it should be read "01". 
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EXAMPLE PROBLEMS 

1. The "hundreds" scale is just about on 22. The "units" is at 93. The vernier 
is at 9. What is the complete reading? 

ANS: 2193.9 

2. The "hundreds" scale is just about on 18. The "units" is at 3* The vernier 
is at 0. What is the proper reading? 

ANS: 1803.0 

CLASSROOM PROBLEMS 

1. The "hundreds" scale is just about on 25. The "xinits" scale is at 0. The 
vernier is at 9. What is the correct reading? 

ANS: 

2- The "hundreds" scale is half way between 7 and 8. The "units" scale is at 56, 
The vernier is at 9. What is the reading? 

ANS: 

3. The "hundreds" scale is between 40 and 50. The "units" scale is at 30. The 
vernier is at 0, What is the reading? 

ANS: 


CALIBRATION CHARTS 


Dial Kilocycles 

1000.0 9000.0 

1088.0 9100.0 

1180.5 9200.0 

1270.4 9300.0 

1370.4 9400.0 
etc. 


Chsurbs like the one above are used with most frequency indicators. These charts 
m&ke it unnecessary to calibrate the dials directly in kilocycles. 

Such a chart will give kilocycles from dial reading or vice versa* 


Known 




Answer 


10CX).0 dial Direct from chart 


9000 kc. 


9050 kc. 


Half way between 1000.0 and 1088.0 


1044.0 dial 


9090 kc. 


There are 88 dial divisions for each 100 kc. or .88 

divisions for each 1 kc. Then, 90 jc .88 = 79.2 1079.2 dial 
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Known Process Answer 

1020 dial There are 100 kc. for each 88 dial divisions or 

100/88 = 1.13 kc. per division. Then 1.13 k 20 = 22.6 9022.6 kc. 

EXAMPLE PROBLEMS 

1. Vhat frequency Is dial division 1275.4? 

ANSt 100 divisions are 100 kc. So 1 division Is 1 kc. 

1275.4 

im±A 

5.0 divisions higher than 9300 kc. 

5 divisions Is 5 kc. so 9300 5 « 9305 kc. 

2. Mhat dial setting Is 9399 kc.7 

ANS: In this part of the chart 1 kc. =1 dial division 

To increase 99 kc. requires 99 more dial divisions, so: 

1270.4 -f- 99 = 1369.4 dial reading. 

CLASSROOM PROBLEMS 

1. Vhat frequency Is a dial setting of 1100.07 

ANS: ^ 

2. Vhat frequency Is a dial setting of 1201.57 

ANS: 

3 . Vhat dial setting Is 9222.2 kc.7 

ANS: 

4 . Vhat dial setting Is 9UU.1 kc.7 

ANS: 
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HOMEIfORK 

1< lh 7 ■us't a prallidiiary "wam-up* period be allowed before atteaptlng to use a 
frequenc 7 Indicator? 

ANS: 

2 . Why is it important to adjust the heterodjme oscillator corrector before mak- 
ing frequency meaeurMtents? 

ANS: 

3« If unable to obtain sero beat by rotating the corrector knob» what would you 
check before deciding the indicator was not usable? 

ANSt 

What error might result if the crystal oscillator in the frequency indicator 
is left "on” while using the indicator for frequency measurwents? 

ANS: 

5« On a frequency indicator scale, idiat are the following readings? 


Hundreds 



0 

07 

9 

U 

4 

4 

36 

22 

0 

49 

99 

9 


6. Fill in the missing number, using the calibration chart previously given: 

Dial Kilocycles 


1111.1 

1300.0 

9381.0 

9007.5 


1277.3 
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RADIO FREQUEMCY AMPLIFIERS FOR RECEIVERS 




Output to 
Next Tube 


Radio frequency amplifiers for receiving operate in the same manner as those uaed 
in transmitters. 


Pentode tubes are often used. These give large voltage amplification and do not 
require neutralization. 


The grid driving voltage is obtained from the antenna. The antenna is induc- 
tively coupled to a tuned grid tank. This tank tends to reject all frequ^cles 
except the particulEir one desired. 

The tube is operated with cathode bias as a Claes A amplifier. Thus« the RF im- 
pulses arriving at the antenna are exactly repeated by variations in plats cur- 
rent. 


RF amplifiers are used to aid in the rejection of unwanted signals and to in- 
crease the strength of those on the desired frequency. 

Received signals vary in strength over wide limits. It is desirable to provide 
the RF amplifier with a sensitivity control to limit strong signals. Otherwise, 
succeeding tubes will not faithfully reproduce the original signal. This is 
called "distortion". Distortion, due to very strong signals, is called "block- 
ing". It causes poor quality or even an actual reduction in signal strength in 
the headphones. 



As shown above at the left, a variable resistor may be connected in series with 
the cathode resistor. Increasing the amount of resistance places the cathode at 
a higher positive voltage. This gives the same effect as adding negative grid 
bias €Lnd will limit the amplification. 


As shown above at the right, the sensitivity of the amplifier may also be limited 
by the use of more negative grid bias. A method of doing this automatically will 
be shown later. 
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EXAMPLE PROBLEMS 


1* Could the cooparatlve strength of the desired signals be farther Increased by 
tuning the antenna circuit? 


ANSt Tes. This Is dons In some types of receivers. It requires an addi- 
tional tuning control and the setting oust be changed each tine the frequency 
or antenna Is changed. 

2. The sensitivity control Is sonetimes called a "volume" control Is this cor- 
rect? 


AHSs No. The sensitivity control does have on effect on the output volume 
of the receiver but its purpose is to adjust the receiver to the 

proper sensitivity for the strength of the signal being received. 


CLASSROOM PROBLEN 

1. The power In the signal received from a distant station Is ertremely small. 
Nhy does this make it advantageous to operate the RF a^>lifler tube in Class 
A? 

AHSx 
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DETECTION 

(Rectification of RF) 


B 

O 


tt> 

•H « 
«H C 
•H C 


u 

o 




Headphones or Amplifier 




o 


The diode permits current to flow between cathode and plate only during the posi- 
tive half of the cycle of the incoming RF voltage* All modulated signals look 
like the top diagram. In the previous sections, only the upper half was shown 
for simplicity. 

The current through the tube is pulsating DC* 

The RF by-pass condenser is connected across the load resistor* The condenser 
charges as the voltage rises and discharges as the voltage falls* This effec- 
tively removes the RF pulsations of voltage and current* The condenser is chosen 
to have a small enough capacity so it will not affect the audio frequency pulsa- 
tions and bias will follow the audio frequencies accurately. 
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The load resistor has high resit tance. There will be a large voltage drop acres s 
it due to the flow of current through it. 

A pair of headphones connected across the load resistor will produce sound of the 
same pitch as was used originally to modulate the transmitter. 

The above process is called "detection". The diode is the "detector" tube. 


EXAMPLE PROBLEMS 

1. What is the effect if the RF by-pass condenser lias too large a capacity? 

ANSs It will tend to smooth out the audio frequency pulsations as well as 
the RF. The response of the detector circuit will be greatly reduced, es- 
pecially for the hl£^er audio frequencies. 

2. Many receivers use three, four or five element tubes for detection. Do these 
operate differently from ths diode? 

ANS: ^he principle of operation is about the same. The additional elements 

are used, in conjunction with a DC plate supply, to amplify the rectified 
signals. 

3. In a receiver using a radio frequency amplifier ahead of the detector, could 
the tuning condensers be mechanically connected so only one tuning dial is 
required? 

ANSt Yes. This is commonly done in receivers. 


CLASSROOM PROBLEMS 

1. What is the effect on the audio frequency output of a detector the resis- 
tance of the load resistor is reduced? 

ANSj.^ 

2. Will there be audio frequency output from a detector of this type if the 
original RF signal is not mod\ilated? Eiqplain. 

ANS: 
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aooo Kc. 

c.w. 


CONTINUOUS WAVE ("CT") RECEPTION 



^ .. 1000 cycle 
beat note 


The majority of radiotelegraph transmission is by means of continuous wave (un- 
modulated) RF. This is eommonly known as "CN”. 

A CW slgneil completely free of audio frequency modulation would be unreadable be- 
cause the output of the detector would be a steady DC voltage with no audio fre- 
quency* 

Receivers designed for CN reception imvs a Uiilt-in oscillator which can be tuned 
to a frequency near that of the CN signal* The output of this oscillator is fed 
into the detectory producing an audible beat note* Any desired pitch can be pro- 
duced in the headphoneSy depending on the relative frequencies of the "beat” os- 
lUator and the signal being received by the detector* 


EXAMPLE PROBLEM 

1* Some receivers use a single tube to perform the functions of both detector 
and beat oscillator* Is the principle of operation the same as above? 

ANS: les* 


CLASSROOM PROBLEMS 

1* A detector tube is receiving a 465 KC CW signal* The beat oscillator is tuned 
to 465*5 KC. What is the frequency of the beat note? 

ANS: 

2* A detector tube is receiving a 465 KC CW signal* The beat oscillator is tuned 
to 464*5 KC* What is the frequency of the beat note? 

ANS: 

3* A detector tube is receiving a 465 KC CW signal* What happens to the pitch 
of the beat note as the beat oscillator is tuned through a range starting at 
460 KC and ending at 470 KC? Would the result be the same if the beat os- 
cillator remaine4 on 465 KC and the signal was varied from 46O to 470 KC? 

ANS: 
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I 


AUDIO FREQUENCY AMPLIFIERS 



+250 

TRANSFORMER COUPLED AMPLIFIER 


Audio frequency ampllflere are ueed to boost the low AF output of the detector 
tube to a value giving louder headphone signals or sufficient for a loud speaker. 

A single tube amplifier Is always operated In Class A to give faithful reproduc- 
tion of the output of the detector. Cathode bias is often used to avoid having 
a separate bias battery. 


The amplifier shown above operates in the same manner as the speech amplifier In 
a radiotelephone transmitter. 


If the receiver Is designed to have high AF output (for loud speaker operation), 
this amplifier may be followed by a push-pull amplifier operated in Class B. 


I Grld_ 
a Resistor 



.Load ^ 
Resistor o 


RESISTANCE COUPLED AMPLIFIER 


The resistance coupled amplifier is used where high quality reproduction is de- 
sired. It will give this because the resistors have constant resistance no mat- 
ter idiat audio frequency is used. 

The grid is coupled to the preceding tube through a condenser. The condenser is 
of a sise which offers little reactance to the passage of audio frequency cur- 
rent. It blocks any interaction between the grid bias and the amplifier tube 
and the DC plate voltage of the preceding tube. 


EmPLE PROBLEM 


1 . 


Where might a volume control be placed in audio frequency amplifier? 


ANSt 




The volume control is a resistor connected across the AF input to the grid. 
The grid is connected to an arm which is moved along the resistor to place 
an AF voltage on the grid which gives the desired volvune of AF output. An- 
other name^or a resistor of this type is a "potentiometer", 
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CLASSROOM PROBLmS 

1. At iihat point on the potsntiomster will the largest AF voluae be obtained? 
The nuirinun AP volume? 

ANS* _ 

2. Why are there no tuned circuits in an audio frequency a^lifler? 

ANS: 


TORE OMTHOLS 
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L LOW AUDIO FREQ. HIGfl AUDIO FREQ. 


EQUIVALEHT CIRCUIT 

It is often desirable to reduce the volume of the higher audio frequencies. This 
can be helpful in reducing the effect of static and other undeslred noise. 

The condenser has a low reactance at high audio frequencies. The circuit ie ac- 
tually a filter circuit having an adjustable element. 


2xa:.ple problel: 

1. iThat position of the tone control gives the maximum reduction 
in high audio frequencies? 

ANSj The V'jxlabls resistor set for zero resistance. The con- 
denser is practically a short-circuit for high frequencies 
coming from the tube. 


CLASSROOU PROBLEiiS 

1. Does the tone control Increase the volume of the lower audio 

frequencies or does the receiver simply sound that way because 
the high frequencies are eliminated? 

ANSI ^ 


S. VVhat position of the tone control gives least reduction in high 
audio frequencies? 

m 

ATTSt 
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HEADPHONES 
(AP to sound) 


case 



The pemanent nagnet exerts a steady pull on the iron dlaphragn throu^ the soft 
Iron pole pieces. This keeps the diaphraga bent in slightly, but never enough to 
actually touch the pole pieces. 

The windings oa the pole pieces are connected in series. They consist of thou- 
sands of turns of small, insulated copper wire. When a varying c\irrent is passed 
through these windings, the magnetic field acting on the diaphragm is varied in 
accordance with the chuiges in current. This causes the diaphragm to vibrate in 
accordance with the in current. 

The vibration of the diaphragm causes sound, which passes to the ear through the 
hole in the center of the headphone cap. 

The usual headset for radio use consists of two headphones, connected in series 
the head^one cord and attached to an adjustable headband. 


EXAMPLE PROBLEHS 

1. The headphones commonly used on aircraft are known as "anti-static” type. 

Does this mean that they eliminate static? 

ANSt The movement of the diaphragm is limited mechanically to protect the 
ear frcai extremely loud sounds, such as might be caused by a burst of static. 
It does lessen the effect of static on the ear. 

2. Will headphones respond to radio frequency currents? 

ANSI No. The diaphragm will not follow frequencies above the audible range. 


CLASSROOM PROBLEMS 

1. Explain why no sound will be produced if a steady direct current is flowing 
through the headphone windings. 

ANSt 

2. Why are so many turns of wire used on headphone windings? 

AHS: 
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HOHEIfORK 

1. Why is It uimecessary to neutralise an RF aa^llfler using a pentode? 

ANS: 

2. Why is it desirable to use low sensitivity when very strong signals are re- 
ceived? 

ANS: 


3. An ertremely strong RF signed is supplied to a diode detector. What nay hap- 
pen to the AF voltage peaks? Why? 

INS: 

A. Many CW signals carry a slight percentage of tone oodulatlon. Why does a 
beat oscillator aid the operator in reading such elgnals? 

ANS: 

5* An iron core Inductor is sometimes substituted for the load resistor in a 
resistance coupled amplifier. Such an amplifier is an "impedance coupled" 
a^jlifier. What is the advantage of using the Inductor? What is the dia- 
advantage? 

ANS:^ . 


6. A condenser is sometimes connected in series with headphones in 
simple receivers so thet there will be no DC voltage betweeh 
the headphone windings and ground. Why is this an advantage? 

ANS: 

What means, other than a condenser, might be used to isolate 
headphones from DC voltage? (This is the usual method employed 
today.) 

ANS: 
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V 


SUPER-HETERODB^E RECEIVERS 


PJ 

AMPLIFERl 


MIXER(l8t( 
I DETECTOR) f 

T?T 

IHIGH PFFQ.I 
bsCILLATORj 


[INTERNED. 
FREQ. 

Iamplifer 


lOOO 

CV«V« 


2nd 

DETECTOrf««^ 


I 


AF 

AMPLIFER 




^CILL^i— ^ 9* SIGNALS 
not used for ohone 


The incoailng signal is 2japllfled by the RF anpllfier. The output of the 

RF amplifier is fed into the grid of a second tube called a "mixer" tube. 

The output of a high frequency oscillator is fed into another grid of the mixer 
tube. These two signals beat together to produce a beat note of much lower 
frequency. By adjusting the frequency of the hij^ frequency oscillator in ac- 
cordance with that of the received signal, this beat note can always be main- 
tained at 465 KC, no matter idiat the frequency of the received signal. The 
idxer tube is often called the first detector or converter. 

The 465 KC signal is called the "intermediate frequency* signal. It is amplified 
b7 the intermediate frequ«icy amplifier, irtiich is tuned to 465 EC. 

The ou'^ut of the intermediate frequency ("IF") anplifier is fed to a detector 
tube ("second detector") idiere it is changed to an audible signal. If a CN 
signal is being received, a beat frequency oscillator is required to make it 
readable. 

The avidio frequency amplifier Increases the volume of the AF signal to the level 
desired for headphones or loud speaker. 

This is a "super-heterodyne" receiver. Such receivers are used almost exclus- 
ively for high frequent reception. 

The super-heterodyne receiver takes advantage of the fact that low frequency RF 
upllfiers can be built to have greater selectivity and larger amplification 
thtm those operating on higher frequencies. 

In some super-heterodynes, a single multi-element tube Is used as both mixer and 
hl^ frequency oscillator tube. The principle of operation is the same as wnen 
t«o separate tubes are used. 


EZANPLE PROBLEMS 

1. The above example shows an intermediate frequen<7 of 465 KC. Is this fre- 
quency used in all super-heterodyne receivers? 

ANSs Most super-henerodynes use an intermediate frequency of 45D to 950 KC. 
However, those designed for very high frequency reception nay use an IF much 
hic^er than this. 
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2. The high frequency oscillator is set on 4500 KC. The RF amplifier and mlKer 
grid circuits are both timed to 5000 KC. The IF is 500 KC in this case. 

What will happen if the antenna picks up a strong signal on 4000 KC7 

AND: A sufficiently loud signal on 4000 KC nay get past the tuned circuits. 

In that case, it will cause a 500 KC intermediate frequency signal as does the 
desired signed. Such sig^ials are called "images". Generally, they will not 
be strong enough after getting through the tuned circuit* to cause undue dif- 
ficulty. 

3. The RF amplifier, mixer, and high frequency oscillator each require a variable 
condenser for tuning. How are all three tuned by rotating a single dial? 

ANS: The inductors and circuits are so designed that the three tuning con- 

densers can be placed on one shaft and tuned simultaneously as all circuits 
cover the tuning range. Some receivers use two RF amplifiers, one after the 
other (two ."stages" of RF amplification). Such receivers require four tuning 
condensers to be turned simultaneously. 


^CLASSROOM PROBLEMS 

1. A receiver with 900 KC Intermediate frequency is timed to 10,000 KC. What is 
the "image" frequency when the high frequency oscillator is set at 10,900 KC? 
What is the "image" frequency when the high frequency oscillator is at 9,100 
KC? 

ANS: 

2. The tuning condensers in a receiver can cover only a limited frequency range 
(or "band"). Otherwise, signals would be crowded very close together on the 
^al. One way of increasing the number of frequency bands covered is to pro- 
vide several inductors ("coils"), any set of idilch may be switched in to give 
the correct Inductance for the desired band. If a coll is open on one band, 
does this mean all bands are inoperative? 

ANS: ; 


AUTOMATIC VOLUME CONTROL 



The amount of DC voltage across the load resistor of a diode varies directly with 
the strength of the RF signal it is rectifying. 
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This voltage can be used to provide automatic control of the receiver sensitivity. 
As the signal becomes stronger, the voltage across the load resistor becomes 
higher. This automatically places more negative bias on the grids of the RF and 
IP amplifier tubes, thereby reducing their sensitivity. Thus, the sensitivity 
will be hi^ for weak signals and low when strong signals are received. This is 
an automatic volume control (AVC) . 

Tbs RF filters shown are resistor-condenser filters. These prevent RF voltage 
from passing through the AVC circuit where it might upset the operation of the 
receiver. 

Most broadcast receivers use AVC at all times to prevent undue changes in volume 
as the receiver is tuned to various stations. 

High frequffiicy communications receivers are usually equipped with AVC. Such re- 
ceivers have switches to disconnect the AVC voltage when it is desired to have 
sensitivity controlled only by the manual sensitivity control. 

AVC is not used on radio range receivers. It tends to concectL the relative 
strength of received signals, which is undesirable wdien flying on radio ranges. 


EXAMPLE PROBLOi 

1. The AVC system shown above starts reducing receiver sensitivity Immediately 
on any signal received. How can it be arranged to reduce sensitivity only 
when fairly strong signals are received? 

ANSt Most receivers use two diodes in the same tube. The detector diode 
operates the same as before. AVC voltage is obtained from the second diode 
It is given a small amount of bias to prevent AVC voltage from being built 
up until the signal is strong enough to overcome this Hman bias. 


CLASSROOM PROBLEM 

1. One receiver applies AVC voltage to the grid of only one tubs. Another type 
applies AVC voltage to the grids of three tubes. Which produces the more 
pronounced AVC action? 

ANS: 
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ADJUSTMENT OF BEAT FREQUENCY OSCILLATOR 



The intermediate frequency amplifier of a super-heterodyne tunes quite sharply. 

It gives little output from signals more than a few kilocycles away from the fre- 
quent to which it is tuned. 

w« H miim amplification of the above IF amplifier is realized only when the hlj^ 
frequency oscillator is tuned so as to produce an intermediate frequency signal 
very close to 465 KC. 

Super-heterodyne receivers have a panel adjustment which will vary the frequency 
of the beat frequency oscillator (BFO) over a range of several kilocycles. An 
Incorrect BED setting will considerably reduce the usefulness of such a receiver. 

When the BFO is set at 464 or 466 KC (point A or B on the above curve), the mad- 
mum amplification of the IF amplifier is being used. 

On the other hand, iriaen the BFO is set at 46 O EC (point C on the above curve). It 
is necessary to detune the high frequency oscillator to produce an IF of 459 or 
462 KC in order to obtain the deslr^ 1000 cycle beat note. Ccnsequently, signal, 
strength is greatly reduced because this is fur to one side of the frequency at 
which the IF amplifier amplifies best. 

The scune is true when the BFO is set at 470 KC (point D on the above curvi). It 
then becomes necessary to retune the high frequency oscillator to produce an IF 
signal of 4^ or 471 KC. Again, signal strength will be greatly reduced* 


EIAMPLE PROBLEMS 

1. Describe the method of properly setting the beat frequency oscillator. 

ANSt With the BFO turned off, tune in a signal. Set the tuning dial at the 
point giving the strongest signal. Turn on the BFO and rotate its adjustment 
Imob until a. beat note of the desired pitch is obtained. The BFO adjustment 
should usually be left alone thereafter. 
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2. Can the 6F0 be properly set even through no signal Is heetrd? 

• 

ANSt Yes. The BFO causes an audible hiss in the receiver output. This 
changes in pitch as the BFO adjustment knob Is rotated. The knob should be 
left near the point at ehich the pitch is lowest. 

CLASSROOM PROBLEJS 

1. The high frequency oscillator of a super-heterodyne receiver is controlled by 
the tuning dial. As you tune through a given station, are you changing the 
frequency of the signal fed to the IF amplifier? 

ANS: 

2. The BFO frequency is set part way down the curve shown on the preceding page. 
As the receiver is tuned throu^ a station, the signal is noticeably stronger 
on one side of zero beat than the other. Ejqplain irtiy. 

ANSI 


5. Describe the method that you would use to adjust a receiver exactly to a 

certain frequency by use of the frequmcy indicator. Assume that the reason 
for this was that you wished to hear a Cff station the moment it comes on the 
air. 

ANSI 
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HOMEWORK 

1. Interfference with reception caueed by "inage" signals is called "image" inter- 
ference. Would you expect image interference to be worse on a superheterodyne 
with no RF amplification or on one with a stage of t’.uied RF amplification? 

aHS: 


2^ Would you expect image interference on a simple receiver compoeed of a stage 
of RF amplification, detector and audio amplifier ("tuned radio frequency" 
receiver) ? 

ANS* 

3» Why would you expect leas interference from stations on near-by frequencies 
when using a supexheterodyne than with the receiver described in Question 2? 

ANS: ' 


4. What is the advantage of a superheterodyne for high frequency reception? 
ANS: 


5. Receivers designed to operate on one frequency often have a crystal to con- 
trol the frequency of the high frequency oscillator. Is this crystal ground 
to the frequency to be received? If not, to what frequency is it ground? 

ANS: ■ 


6. A receiver equipped with AVC maintains A? output at near the same level over 
a large range of signal Inputs. Still, the operator listening to the AF out- 
put can tell whether the signal being received is strong or weak. How? 

ANS: 

7. Why should an operator be careful not to set the frequency of a BFO too far 
from the intermediate frequency of the receiver? 

ANS: 
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IONOSPHERE 



At 50 miles and more above the Earth’s surface, the atmosphere becomes very thin, 
fladiation from the suri is extremely strong at such levels. It causes the thin 
gases to become electrically charged. The layer of electrically charged ("ionized^') 
gas surrounding the earth is tne ionosphere . 

Actually, the ionosphere is composed of several layers of ionized gas. For pur- 
poses of explanation, only one layer heed be considered. 

This layer lies from 100 to 175 miles above the surface. The gas is very thin 
there. Ionization exists at all times. 


The level of the ionosphere rises during the night and becomes lower during the 
day, when the sun’s rays are striking it directly. It is lower during the summer 
than the winter, since the sun’s rays strike it more directly in summer. 



high frequency transmission (above 2 MC) takes two forms; the ground wave and the 
sky wave. 

The ground wave travels close to the surface of the earth. Low frequency (200- 
400 KC) ground waves may travel for considerable distances. High frequency 
ground waves (above 2 MC) disappear sooner because they are absorbed by the 
earth more rapidly. 


The sky wave must travel at upward angles from the antenna. This causes it to 
strike the ionosphere- The radiation leaving the antenna at high euigles passes 
straight through the ionosphere and is gradually absorbed or lost in outer space. 
Radiation at very low angles is alvSo reflected, but so far out that it never 
strikes the earth. 
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EXAMPLE PROBLEMS 

1. It is summer in the southern hemisphere when it is winter in the northern 
hemisphere. Does this cause the height of the ionosphere to be different in 
the two hemispheres? 

ANS: Yes. When it is winter in the northern hemisphere, the southern hemis- 

phere is e^erlenclng summer radio conditions. 

2. The area between the point where the ground wave dies out and the point where 
the sky wave is first returned to earth is called the "skip" zone. Does this 
mean that no signal will be received from the transmitter in this zone? 

ANSt Yes. TThsn the skip zone covers a wide area, probably no signal at all 
will be received from the station vdien flying in this area. Nhen the skip 
zone covers only a narrow area, it may be possible to hear parts of the trans- 
mission. 


CLASSROOM PROBLEM 

1, Antennas may be constructed Yfhich will concentrate the radiation at one defi- 
nite upward angle. Why are such antennas undesirable for a transmitter whose 
signals need to be audible over a wide area? 

ANS: 


COMPARISON OF DAY AND NIGHT TRANSMISSION 



DAI NIGHT 

During the day, the ionosphere is low. The sky wave may be reflected back to 
earth comparatively close to the transmitter. 

At night, the ionosphere becomes higher. The first point at irtilch the sky wave 
is returned to the earth is considerably farther from the transmitter. The fur- 
thest wave reflected to the earth is at a much greater distance from the station 
at night. 

Radio waves are absorbed by ionization along their path. Thus, signals become 
gradually weaker with distance. It daytime this effect is greater than at night. 
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EXAiiPLE PROBLEM 

1* Ajcs the naxlauB upward angles at which reflection occurs constant? 

ANS: Ho. The density of the layer is greater in daylight. Higher angles of 

radiation are reflected during '^e day. 

CLASSROOM PROBLEMS 

1. The ground wave is generally good for transmission on high frequencies up to 
about 50 miles. If the sky wave is first reflected to earth at a distance of 
200 miles from the transmitter, what distance does the skip zone cover? 

ANS; ^ 


2. If it is desired that there be no skip zone, at what distance from the trans- 
mitter must the sky wave first be reflected to earth? 

A1JS:_ 


EFFECT ^ FREQUEMCY ON REFLECTION 



Frequency has a direct effect on the angles of radiation which will be reflected. 

At frequencies near 3 the angle can be quite high before radiation passes on 
through the Ionosphere and is lost. 

At hi^er frequencies, high angle radiation is lost. Only lower angle radiation 
is reflected. 



Some of the higher angles reflected during the day are lost at night. In addition 
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the reflecting layer is higher at night. The skip sons, if any, is greater at 
night for a given frequency. 


EXAMPLE PROBLEM 

1. Domestic airlines desire to maintain communication without skip effects. 
T^t change In frequency is usually made during the night? 

ANS: A lower frequency (near 3 JIC) can bo used at night to avoid having a 

skip zone. 


CLASSROOM PROBLEMS 

1. During the summer months, domestic airlines are frequently able to maintain 
communication on their "day" frequencies all night id.th little skip effect. 
Why? 

ANS: 


2. During the winter months, domestic airlines usually change to a lower "night.** 
frequency at night to avoid skip effect. Why is this necessary in winter? 

ANS: 


LOW ETIEQUENCY TRANSMISSION 



Ground waves from high frequency transmitters are rapidly absorbed by the ground. 
They are good for satisfactory communication up to 40 or 50 miles. 

Groiind waves from low frequency transmitters are not absorbed as rapidly. At- 
frequencies of about 400 KC, they are satisfactory for communication up to about 
75 miles during the day and 200 miles at night. 

Over water, low frequency ground waves are absorbed even more slowly. Low fre- 
quency communication is more satisfactory over water than over land and erbends 
to greater distances. 

The maicimuffl distance covered by low frequency ground waves depends largely on 
the amount of transmitter power used. Large transmitters of 10 to 100 KW may 
cover several thousand miles regularly, day or night. 
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EXAMPLE PROBLEM 

1. Variations in the height and makeup of the ionosphere frequently cause dif- 
ficulties in maintaining high frequency comiounications. Do these affect low 
frequency communications? 

ANS. No. Because low frequency communication depends principally on the 
ground wave - not much on reflection of the sky wave. 


CLASSROOM PROBLEM 

1. Efficient transmission on low frequencies requires longer antennas than can 
be carried on aircraft. In addition, aircraft transinitters aie limited to 
rather low power. Why does this make high frequencies for aircraft usually 
preferable to low frequencies? 

ANS: 


ULTRA Him FREQUENCY TRANSMISSION 



The ultra high frequencies sire those above 50 MC, 

Ground waves from ultra high frequency ("UHT") transmitters are absorbed by the 
ground so rapidly that ground wave treasmission is good for only a few miles. 

Sky waves from ultra high frequency transmitters are not reflected back to earth. 
All except very low angle radiation passes on through the ionosphere. Radiation 
which might be reflected is at such a low suigle that the reflection does not 
touch the earth. 

Communication on ultra high frequencies is limited practically to line of sight. 
A little bending of the radiation occurs in the atmosphere, usually making com- 
ounication a few miles beyond line of sight possible. Increased power add; lit- 
tle to the distance which can be covered. 

Ultra high frequency is well adapted to aircraft communication at distances up 
to 50 to 150 miles, depending upon the height of the aircraft and intervening 
terrain. Static is often prevalent on high and low frequencies, but is hai'dly 
noticeable on ultra high frequencies. 
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EJCA2IPLE PROBLEM 

1. Do variations in ths height and makeup of the ionosphere have any effect on 
ultra high frequency communication? 

ANS: No. UHF communication does not depend on the ionosphere. It goes 

right through it. 


CLASSROOM PROBLEM 

1. Why is UHF communication not practical when an aircraft is several hundred 
miles away from a ground station? 

ANS; 
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HOHEDORK 

!• Tou ore located In the skip zone of a station 200 miles away. Does this mean 
you will not be able to receive a station 1^000 miles away? 

ANS: 

2* If you are unable to contact a near-by station because of skip» how mi^t you 
get a message to this station If you can contact another station some distance 
away? 

ANS: 

3. If you are unable to contact a near-by statl<m because of skip, idiat change 
In frequency would you make? 

ANS: 

4* If flying in the southern hndsphere during January, would you expect summer 
or winter radio conditions? At the equator? 

ANS: 

5* Why are hl£^ frequencies generally preferable to low frequencies for aircraft 
C(»aunlcation? 

ANS: 

6* Why is the altitude of the plane an important factor in determining the dis- 
tance idiich can be covered by UHF communication? 

ANS: 
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STATIC 



Static Belt 
Over Land 


Static heard in radio receivers is the result of electrical disturbances in the 
atmosphere. 

Local thunderstorms may produce static audible within a few miles of such storms. 

Host of the static ordinarily heard has its source in the tropics. Static is not 
concentrated on one frequency; it is spread over a very wide range of frequencies^ 
diminishing as frequency increases. It arrives at the radio receiver by the same 
path as the radio signals. 

Static on high frequencies may actually be louder at a distance from the tropics 
than it is nearby, because of skip effect. 

Static originates me inly ^ land . Consequently, it may be very loud at a land 
station near its soi rce and not loud to a ship well out at sea. 

Static interference is most pronounced at frequencies below 5 or 6 MC. Its ef- 
fect decreases at higher frequencies. It is seldom bothersome above 15 MC. 


EXAMPLE PROBLEM 

1. Can static be tuned out of a receiver in the same way as an undesired signal? 
ANS: No. Static covers too wide a range of frequencies. 


CLASSROOM PROBLEMS 

1. A plane over the sea in the tropics may be able to hear a shore station with 
little interference from static. Does this necessarily mean that the shore 
station is also eicperiencing little static disturbance? 

ANS: 


2. In problem number 1, the airplane has a 50 watt transmitter. The ground sta- 
tion has a 10 KW transmitter. For uniform reception of signals, which should 
have the higher power? 

ANS: 
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FADEOUTS 


North Pole 



A radio fadeout is the absence of all signals on the medium and high frequencies. 
Low frequencies (4OO KC and below) and ultra high frequencies (above 50 UC) are 
not affected. 

P^dio fadeouts occur in areas near the poles and in tropical areas. 

Those near the poles are caused by intense ionization resulting from magnetic 
storms. Aurora borealis effects are heightened during such storms. The ionos- 
phere layers become disarranged and broken up. The result is the total absence 
of radio signals idiich ordinarily arrive by reflection from the ionosphere. 

Such a fadeout may last for severed days. The effect of a magnetic storm may be 
noticeable as feuc* south from the poles as the central Onitod States. 

Fadeouts in the tropics are caused by intense ionization for some distance below 
the ionosphere. The layers of the ionosphere are still intact, but signals are 
absorbed by the ionized atmosphere below them. Such fadeouts generally last only 
a few hours. They develop very rapidly and end rapidly. 


EXAMPLE PROBLEM 

1 . Why are low frequoicy ground waves and ultra high frequency line of sight 
transmissions not affected by fadeouts? 

ANS; They do not depend on the ionosphere and so are not affected by changes 
in it. Even very intense ionization does not ertend to the earth's surface, 
80 such waves continue to travel without hindrance. 


CUSSROOM PROBLEM 

1 . Will a fadeout affect ground wave communication on high frequencies? 
ANS: 
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FADING 



The signal may arrive at the receiver by two or more paths* 


Since the paths are not the same length, the two or more signals received will not 
necessarily be in phase. When they are in phase, a strong signal will result in 
the receiver. When they cure out of phase, the receiver signal will be very weak. 


Variations in the ionosphere will cause chamges in signal path. Thus, the receiver 
signal may be altemat^y strong, then weak. 

M Lost • 

^ Lost 




Fading may also result when the receiving station is located close to the edge of 
the skip zone* Very small variations in the height of the ionosphere will, cause 
the signal to fade in and out. This may occur at a rapid rate. 


EXAMPLE PROBLEM 

1. Does fading occur on low frequoieiAs? 

ANSI Yes. Fading is noticeable at night on low frequencies. The sky wave 
is often reflected back to earth at nl^t and causes fading by varying the 
phase with the ground wave. 

CLASSROOM PROBLEM 

1. When reception is poor due to being near the edge of the skip zone, what 
change should be made in frequency? 

ANSI 


Digitized by 


Goi ’gle 


120 


Original from 

UNIVERSITY OF MICHIGAN 



RADIO PRINCIPLES 


CHOICE OF FREQUPJCY FOR COMMUNICATION 
Low Frequencies 

”(2OO“r4OOl0Cy 

Good at all times up to 50 miles except in severe static. 
Good at night up to 200 - 3OO ml., especially over water. 
Hot vexy useful in troplos due to static. 

High Frequencies 
I 2 - 16 MC) 


Distance 

Night 

Day 

50 mi. 

Use any frequency 

Use any frequency 

300 mi. 

3-5 MC. 

4 - 7 MC. 

1000 ml. 

5 - 7 MC. 

6 - 10 MC. 

3000 mi. 

7 - 9 MC. 

9-16 MC. 


Ultra High Frequencies 
(above 50 MC) 

Good at eJ.1 times up '*'0 50 miles. 

Good up to 75 nil* with aircraft at 3000 ft. 
Good up to 150 mi. with aircraft at 10,000 ft. 


The above chart indicates approximate results to be expected from low power equip- 
lent. During the winter, the best signals on high frequencies will generally be 
obtained below those frequencies shown. During the summer, the best signals on 
aigh frequencies will generally be obtained at higher frequencies than those shown. 

The tropics can be considered as summer all year round. 

fadeouts may necessitate the use of low or ultra high frequencies. 


EXAMPLE PROBLEMS 

i. An aircraft desires to comnninicate with a station, 300 miles away. What fre- 
quency would be eiqpected to give best signals during a winter day? A summer 
day? 

ANSx Winter day 4 to 6 MC. Siunmer day 5 to 7 MC. 
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2. An aircraft desires to communicate with a station 600 miles away, nhat fre- 
quency would be eicpected to give best signals during a winter day? A winter 
night? 

AKS. Winter day about 7 liC. Winter night about 5 UC. 

CLASSROOM PROBLEMS 

1. An aircraft in far northern latitudes desires to communicate with a station 
200 miles away. There is a complete fctdeout on high frequencies. On what 
frequency might communication be established at night? Is there much chance 
of establishing communication during daytime? 

AHS: 


2. An aircraft in the tropics desires to communicate with a station 600 miles 
away. What frequency woula be expected to give best signals during the- day? 
At night? 

ANS: 


3. An aircraft in the southern hemisphere, during July, desires to communicate 
with a station 1000 miles away. What frequency should be best during the day? 
At night? 

ANS: 
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HOliENORK 

1 . Static gen 9 rall 7 dies down after midnight* What causes this? When do thunder- 
storms in the tropics die downy in your estimation? 

AHS: 


2. Static is generally much worse between sundown and midnight than at noon. 

ANSt 

I. If there is a complete fade-out on high frequoicieSy how would you attempt tc 
maintain communication? 

AHSi 

. Why would you not eiqpect to encounter fading on OHF signals? 

ANS: 

. During October, would an airplane flying in the northern hemisphere choose 
about the same frequency for communication over a given distance as one fly- 
ing in the southern hemisphere? What if the plane was flying in the tropics? 

AHS: 

An airplane is the northern hemisphere, during July, desires to communicate 
with a station 1,000 miles away. What frequency should be best during the 
day? At night? 

ANS: 

Would you eq>ect a higher or a lower frequency to be required for long dis- 
tance communications at noon than at sunset? 

ANS: 

A domestic airline uses a frequency of about 5 me. for day communication. How 
far would you e^ect normal aircraft communication during the day in January? 
In April? In July? In October? 

ANS: 
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LOOP ANTENNAS 
(For direction finding) 


/ 
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Loop Antenna 

RF Current 
RF Voltage 



Loud Signal 


The loop is in line with the tranealtting station. The loop is cutting the radi- 
ated field of the transmitter. Since this field is changing rapidly (at radio 
frequency) y RF voltage is set up in the loop. Current flows through the loop, 
producing a signal in the receiver. 

Antenna at an angle 
to incoming signal 

Less RF Current 
in antenna 

Less RF Voltage 
Less Signal 


The loop is turned at an angle to the transmitting station. The loop now cuts 
the RF field at an angle. Less RF voltage is set up in the loop. A weaker RF 
current flows through the loop, producing a weaker signal in the receiver. 





V ~k / 




/ 



Antenna at ri^t angle! 
to Incoming signal 
No RF Current in anteni 

No RF Voltage 

f — No Signal ("Null* 


A loop is turned at right angles to the transmitting station. It does not cut 
the RF field. No RF voltage is set up in the loop. No RF current flows and 
there is no signal in the receiver. 


As the loop is rotated further, the signal will increase until it becomes 
irtien the loop is again in line with the station. 

The loop is rotated to the point of least (or "null ") for directlmi flndingi 
Signal strength changes most rapidly with rotation near the null. Volume should bl 
kept fairly high as the ear is most sensitive to signal changes at high levels. 


With this type of loop, it is iiq)088lble to tell idiich face of the loop is pointed | 
toward the station} i.e., whether the station is i£ front or back of the loop . j 
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TOR THE USE OF LOOP AHTHfflAS IN DIRECTION FINDING, SEE "NAVIGATION PRINCIPLES". 

EXAMPLE PROBLEMS 

1 . NIU the loop Dick up signale arriving from above It? 

AllSt Tee. For this reason, greatest accuracy Is secured when the loop re- 
ceives energy only via ground wave (horizontally). 

2. The loops comnonly used on alrciwift are round instead of sqiiare. Do they oper- 
ate In the same manner as square loops? 

ANSx les. 


CLASSROOM PROBLEMS 

1 . Vhy does this type of loop operate more accurately on low frequency signals? 

ANSj 

2. The amount of reflection from the Ionosphere increases with frequency. The- 
distance covered by the ground wave decreases with increased frequency. Nhlch 
should produce the more accurate directional readings, low frequencies of 

200 to 400 KC or broadcast frequencies of 550 to 1500 KC? 

ANSt 


Rltar-LEFT DIHECTKW INDICATORS 



The loop antenna and the flcsd vertical antenna ("sense" antenna) are both coupled 
to the receiver input. They are adjusted so each antenna supplies an equal RF 
voltage to the receiver when a signal is picked up by both. 

The two relays operate simultaneously. One switches the receiver trcm one half 
of the loop to the other. The second relay switches the receiver output from one 
side of the Indicator winding to the other. 
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When the loop Is at rlg^t angles to the transBdtting station^ it does not pick up 
any signal. The fixed antenna receives equally well froot all directions, so it 
supplies a constant signal to the receiver. The indicator needle stays in the 
center of Its scale, since the action of the relay causes the same voltage to be 
placed first on one winding, then on the other. The needle Is heavy enough so It 
will not vibrate back and forth with equal energy on both colls. 



The loop Is turned so the station Is to the right of the null. 

Nhen the relay is up, the RF voltage in the loop adds to the RF voltage from the 
fixed antenna. A strong signal is produced in the receiver. This exerts a strong 
right hand pull on the indicator needle. 

Whoi the relay is down, the RF voltage in the loop opposes the RF voltage tram 
the fixed antenna. A weak signal is produced by the receiver. There is little 
force exerted to pull the indicator needle back to the left. 

Since the relays operate rapidly, the average pull exerted causes the indicator 
I needle to point to the right. This indicates automatically that the station is 
1 to the right of the loop null setting. 


EXAMPLE PROBLEM 

1. What type of relay is best adapted to the right-left direction indicator? 

ANS: The relays handle only small currents, but must operate rapidly and 

quietly. Mechanically operated relays are not as well adapted to this use 
as are vacuum tube relays. The common method is to use vacuum tubes, biased 
to cutoff. Relay action is then obtained by applying AC grid voltage to the 
proper frequency. 


CLASSROOM PROBLQI 

1. Describe the action of the above right-left direction indicator idien the 
loop is turned so the station is to the left of the null. 

ANS: 
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autohatic direction finders 



Right 


Left 


To Reversible Motor 
Attached to Loop 


The operatloi of the autooiatlc direction finder la similar to that of the right* 
left direction indicator. The ’'Indicator* is no longer used. The contact points 
of the receiver output relay lead to a reversible motor idxich will rotate the 
loop. 

nien the station Is to the right of the loop nuUf a pair of* contacts Is closed 
irtiich start the motor* automatically rotating the loop null toward the station. 

Rhen the null reaches the direction of the station* the contacts open. This 
stops the motor and leaves the loop in the null position. 

The loop is connected to a pointer on a 360 degree scale. This pointer automati- 
cally comes to rest pointing toward whatever station is tuned in on the receiver. 

FOR THE USE OF AUTOMATIC DIRECTION FINDERS* SEE "NAVIGATION PRINCIPLES”. 


EIAMPLE PROBLEMS 

1. What type of relay is best adapted to use in the aut(»atle direction finder? 

ANSs The relay on the receiver input consists of two vacuum tubes having 
cutoff bias. Pbsltive bias is applied first to one* then the other* thus 
closing first one loop connection* then the other. 

The relay on the receiver output must handle sufficient currant to operate 
(drive) the loop motor. A pair of mercury vapor tubes are used here* with 
their grids biased to cutoff. They operate in the same manner as the tubes 
on the receiver input side. 

2. The loop on an automatic direction finder rotates constantly. What is the 
probable cause? 

AHSt This can be caused by a failure of any one of the four tubes used as 
relays. 

3. What is the result of failure of both the input relay tube and output relay 
tube which cause right hand rotation? 

AHSt The motor will no longer rotate the loop to the right. Any signal re- 
ceived from the left of the loop will cause rotation to the left* but signals 
from the right of the loop will not cause rotation. 
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CLASSROOM PROBLEMS 

1. What is th« result of failure of both output tubee? 

ARSt 

2. What is the effect on accuracy of Indicated directions when tne 
fixed "sense " antenna is removedT 

ANSt 
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HOMEWORK 

1. Ifhat is the effect on the operation of a right-left direction indicator if 
the sense antenna is removed from the receiver? 

ANS: 

2. How man7 tubes are required to perform the function of the receiver input re- 
la7 of the right-left direction indicator? Of the output relaT? 

AMS: 

3. What is the effect of failure of one of the input rela7 tubes on the opera- 
tion of a right-left direction Indicator? 

AMS: 

4* In an automatic direction finder, what is the result of failure of both the 
input rela7 tube and output rela7 tube which cause left hand rotation? 

ANSt 

5* In an automatic direction finder, idi7 are mercuT7 vapor tubes best adapted 
for use as output rela7 tubes? 

AHS* 
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location of radio equipmemt trouble 

Many radio failures which occur can be corrected in flight. The following routine pro- 
cedures should be carried out in order when endeavoring to locate euid correct troublee 
encountered. 


RECEIVER 


Symptoms Probable Troubles 


Corrections 


All receivers dead and Main fuse blown 
dial lights out Power fallxire 

One receiver deadband Individual fuse blown 
dial light out 

One receiver dead; dial l^yuamotor fuse blown 
light OK; dynamotor or Defective dynamo tor 
vibrator not operating Defective vibrator 

One receiver dead; one Filament burned out 
tube not lighted 

One receiver dead; no Audio switch In wrong position 
visible symptoms Defective tube 

Defective headphones 


Replace fuse 
Switch batteries 

Replace fuse 


Replace fuse 
Inspect brushes 
Replace vibrator unit 

Replace tube (or tubes) 


Switch headphones to receiver 
Replace tubes 

Try another set of headphones 


One receiver dead after Transmitter relay stuck 
transmission Defective tube 


Check relay; clean contacts 

Replace tubes 


Receiver alive* no 
signals heard 


Antenna defective 
Band switch defective 
Defective tube 


Check antenna 
Try another bend 
Replace tubes 


Receiver eQ.lve; weak 
signals 


Defective tube 
Band switch defective 
Receiver on wrong band 
Radio fade-out 


Receiver alive; weak Antenna Iced 
signals In Icing 

Receiver normal but no Defective BPO tube 
beat oscillator 


Replace tubes 

Tiy another band 

Try another band 

Listen for static (absent In 

fade-out) ; listen for own 

transmitter 

Deice antenna If possible 


Replace BFO tube 


Receiver noisy with 
antenna connected 


Antenna open or rubs 
Poor receiver case bonding 
Tachometer shaft makes noise 
Defective magneto shielding 
Defective spark plug shielding 
Generator noisy 


Check antenna connections 
Check bonding of case 
Graphite shaft; check bonding 
Check and clean shielding 
Tighten or replace shielding 
Check brushes and shielding 


Receiver noisy with 
antenna disconnected 


Defective band switch 
Defective tube 
Noisy dynamotor 


Try another band; clean switcl 
Replace tubes 

Clean commutator with paper 


IMPORTANT: A supply of spare fuses* vibrators and tubes should be carried at all tlme( 

Several filaments may be in series. If one falls* others will go out too. MER PARTS 
ARE OFTEW DEFECTIVE. TEST THEM. 


Digitized by 


Gougle 


130 


Original from 

UNIVERSITY OF MICHIGAN 



RADIO PRINCIPLES 


EXAMPLE PROBLEMS 

In testing fuses, Is It sufficient to inspect glass cased fuses visually? 

ANS: No. An open-circuit may not be visible. One way to test fuses is by the use 
of a flashlight. 

Remove flashlight cap. 

Hold flashlight downward, with 
switch on. 

Use the fuse to complete the 
circuit between the cap and 
the end of the flashll^t cell. 

Flashlight bulb will ll^t when 
fuse is good. 



Nhat is meant by a receiver being "dead"? 


ANSt No sound is audible in headphones attached to the receiver, evsn tiaough the 
receiver is switched on. 


Nhat is meant by a receiver being "alive" but no signals hsard? 

ANSt A "live" receiver causes a slight sound in the headphones when it is on. 
This clearly distinguishes it fi^jm a "dead" receiver. 


CLASSROOM PROBLEMS 

flhat procedure would you follow if all radio equipment is operating normally except 
that one receiver is dead and its dial light and all tubes are lighted? 

ANSI 


The dial light on a receiver goes out. The receiver continues to operate normsdly. 
Nhat has probably happened? 

ANSt 

A receiver is noisy. Nhy would you first try disconnecting the antenna? 

ANSt 

Nhy would you suspect a failure of the first RF as9>llfier tube if the receiver 
will not pick up signals after transmission but Is not dead? 

ANSt ! 

In an airplane, it is beet to feel the vibration rather than depending on the ear 
to determine whether the vibrator or dynamotor is operating, fhy? 

ANSt 
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SymotOM 


CN TRANSMITTER 
Probable Trouble 


Correctlone 


All radio equipment dead Main fuse bloen 

Power fallxire 


Replace fuse 
Switch batteries 


Transmitter does not 
start; lights dim when 
tiyinf to transmit 


Battery switch off or on Switch to battery 
cart 

Low battery Switch batteries if possible 


Dynamotor does not start Oynamotor fuse blown 

Defective dynamotor relay 


Replace fuse 

Check relay; clean contacts 


Tubes do not light 


Filament fuse blown Replace fuse 

Filament burned out* Replace tubes 


No plate or antenna cur- High voltage fuse blown 
rent; no visible symptoms Defective tuning unit 

Defective tube 


Check high voltage fuse 
Try another tuning unit 
Replace tubes 


Plate current OK; antenna Defective antenna 
does not tune normally 


Check antenna; try another 
anteima 


Plate current OK; antenna Probably none 
tuned; no emtenna current 


Check antenna teminal for RF 
with wood pencil 


Plate and antenna current 
OK; unable to contact any 
station 


Poor conditions or fadeout Check signals from other sta- 
tions 

Tuned to wrong frequency Check transmitter frequwisy 
Poor choice of frequency Try anoth^ frequency 


^Transmitter on aircraft having 24 volt electrical systems usually operate pairs of 
tube filaments in series. One filament out will prevent both tubes from lighting. - 


IMPORTANT: A supply of spare fuses and spare tubes should be carried at all timms . 


CAUTION 

The voltage of the plate siq>ply dynamotor is high enou^ to cause a fatal shook. 
Always be sure the dynamotor is stopped before touching a high voltage fuse or 
reaching inside the transmitter. 
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exauple pbobleus 

!• The filaments of tvo R7 tubes In a tz*ansmltter are connected In 
series* Is It necessary to replace both tubes If only one Is 
burned out? 


ANSI No* If the burned out tube Is replaced and operation Is then 
normal, there Is no necessity for replacing the other tube* 

2* TVhy may operation be normal even though no antenna current Is In- 
dicated? 

ANSt The resistance of the antezma may be so high that the antenna 
current Is too small to operate the antenna ammeter* Touching a 
wood pencil to the antenna termiz^l will indicate Immediately whether 
RP voltage Is present* 

3* Why is It Important to be sur« to use a wood pencil when testing 
the RP voltage? 

ANSI A severe bum will probably result If a metal pencil Is used* 


CLASSROOU PROBLEUS 

1* Why will the lights dim when an attempt Is made to start the trans- 
mitter with a low battery? 

ANSI 

2* Why must you be sure the dynamotor Is stopped before touching the 
high voltage fuse? 

ANSI 


3* The plate miUlammeter on tisual aircraft transmitters Indicates the 
total plate current dmwn by all tubes. If no plate current Is in- 
dicated when the key is closed, which is more likely to be defectlve- 
the oscillator or the RP amplifier tube? 

ANSI 


4* Why might the use of too long an antenna on the frequency Indicator 
cause the transmitter to be set on the wrong frequency? 

ANSI 

5* Two tubes In a transmitter go out. Two new tubes are placed 
in the sockets* Neither lights* All cdhnectlons and fuses 
are correct And neither socket Is broken* What might be wrong? 

A.NS I 
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Syroton 

Impropsr RF operation 


Modulator tubee don't 
light* 

Speech anplifier tube 
does not light 

Toted plate current does 
not increase idien trans- 
mitter switched to voice 
or tone 

Antenna current does not 
increase with modulation 

Antenna current decreases 
with modulation 

Antenna current increases 
more than 22J( with modu- 
lation 

Normal on "tone"; no 
modulation on "voice" 


RADIOTELEPHONE TRANSMITTER 
Probable Troubles 
Scu&e as for CM transmitter 


Filament burned out 
Defective CW-voice switch 

Filament burned out 


Defective AP tubes 
Defective CW-voice switch 
Modulator bias too high 


Improper coupling 
Audio gain too low 

Improper coupling 


Improper coupling 
Audio gain too high 


Defective microphone Jack 
Defective microphone 


Corrections 

Follow procedure for CW trwun 
mitter 

Replace tubes 
Check switch contacts 

Rq>lace tube 


Replace AF tubes 
Check switch contacts 
Decrease bias 


Decrease antenna coupling 
Increase audio gain 

Decrease antenna coupling 


Increase antenna coupling 
Decrease audio gain 


Check microphone Jack 
Try another mioro;^cme 


*Transmitters on aircraft having 24 volt electrical systems usually operate pairs 
of tube filaments in series* One filament out will prevent both 'tobes from llg^'b- 
ing. 


DIPORTANTt A supply of spare fuses and spare tubee should be carried at all times * 


CAUTION 

The voltage of the plate simply dynamo tor is high enough to cause a fatal shook* 
Always be sure the dynamotor is stopped before touching a high voltage IVise or 
reaching inside the transmitter, modulator or power unit. 
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EXAMPLE PROBLEMS 

1. Why must a transmitter be operating propwly on CW before modulation Is at- 
tempted? 

ANSt Transmission Is Impossible without RP output from the transmitter In 
addition^ the RF section of the trcmsmlttsr must be adjusted properly before 
modulation can take place. 

2* In many combination CW- radiotelephone transmitters* tubes of the same 
type are used in the modulator as in the RF section of the transmitter. 

If short on spare tubes, is it possible to resiowe the tubes from the 
modulator and use then in the RF section? Is radiotelephone operation 
possible when this is done? 

ANSt In such a transmitter* the tubes may be mowed in this way and operation 
continue on CN. Rstdio telephone operation will be la^sslble* since there 
will then be no modulator tubes. 

3. Tone modulation is generally obtained operating the speech aopllfier tube 
as an audio frequency oscillator. Will It be possible to use tone-modulated 
CW if the modulator tubes are restored? 

ANSt No. The modulator tubes are required to amplify the output of the 
speech aaipllfler tube to a sufficient walue to modulate the CW output. 


CUSSROOM PROBLEMS 

1 . The CW-wolce switch usually has contacts to turn speech amplifier and modu- 
lator filaments on when switched to "voice". May dirty contacts prevent 
operation on "voice"? 

ANSx 

2. Why is It necessary to decrease coupling If the antenna current does not 
increase idien the transmitter is stodulated? What else nay be wrong? 

ANSs 

3 . Describe the procedure to be followed in case the transsiitter operated nor- 
mally on "tone" transmission but does not modulate on "voice". 

ANSI 

4 . A transmitter Is modulated by two tubes in Class B. Disregarding dynamo tor 
voltage variation* would you expect total plate current to change while the 
transmitter Is being modulated? Why? 

ANS: 
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USE OF TEST IMSTEPytMT 
TVolt-ohiBBeter) 



Th« ttat InetnuMnt la uaad whan the routine oheoka Hated previoualy have failed 
to dlaclose the nature of the trouble encountered* 

The teat inatrument la alwaya uaed aa a vpltiaeter when equlpaent la Seated with 
power on * It la alwaya uaed aa an equlpoent la tested with power 

o£f* 


TESTING WITH POffES ON 

The teat InatruBent la uaed as a voltneter to test the woltagee In various parts 
of the circuit* These can be coiq>ared with the normal voltages and will often 
Indicate the nature of the trouble* Voltages In some circuits may be indicated 
too low because of relatively low resistance of the voltmeter and high circuit 
resistance* 


TESTING WITH POWER OFF 

The test Instrument la alwaya used aa an ohmmeter when testing with power off* 

Tne rsslstancea of the various resistors are cheeked and compared with the rated 
values. During this process^ care should be taken to be sure no other resistances 
are in parallel with the particular one being cheeked* If so» allow for the other 
resistors* 

Condensers are checked for short-elr cults (aero resistance)* In some casesy there 
nay be resistors In parallel with the condensers, causing a false Indication* A 
condenser cheeked alone should show an open circuit* However, electrolytic coo* 
densers may show some resistance and still be normal* 


EXAMPLE PROBLEll 

1* Why should a test Instrumeni never be used as an ohmneter when testing equip- 
ment with the power on? 

A^TSt The ohmmeter Is set for full scale i*eadlng with the small dry 
battery In the Instrument * Additional voltage will bum out the meter « 
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CLASSROOH PROBLEM 

1. Rhj will no rMdlngs b* obtained if the test Instruaent Is used as a volt- 
neter idien testing equlpnent with the power off? 

ANSt 
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RELATION OF FREQDEMCY TO WAVELEHGTH 






HIGHER FREQUENCY 
SHORTER WAVELENGTH 


Radio waves travel through air at a speed of 186»000 miles per second or 300,000 
kilometers per second. 


The length of 

a radio wave is: 

Frequency can be found by: 

Meters - 

300.000 

Kilocycles 

, - 300,000 
Kiiocycl.. - 

Values may be 

found by the above 

formulas or in the 

table below. 

KC or m 

m or KC 

KC or B 

1 m or KC 

10 

30,000 

100 

3,000 

20 

15,000 

150 

2,000 

30 

10,000 

200 

1,500 

40 

7,500 

300 

1,000 

50 

6,000 

400 

750 

60 

5,000 

500 

600 

80 

3,750 

600 

500 


The frequency under consideration is often stated roughly in wavelength. A high 
frequency broadcast station might be said to operate in the "19 meter" band. This 
would refer to a frequmoy in a band in the neighborhood of 16,000 KC. 

Similarly, "short wave" transmission is the same as "high frequency” transmlssiqfl. 

Wavelength is also used as a convenient means of speaking of antenna length or the 
spacing between two different sections of an antenna for a given frequency. 


EXAMPLE PROBLEMS 

1. From the table, what wavelength corresponds to a frequency of 10 KC? 

ANSt 30,000 meters 

2. From the tdble, what frequency corresponds to a wavelength of 10 meters? 

ANS: 30,000 KC. 


1 . 


CLASSROOM PROBLDl 

Convert the following} 

5000 KC - meters 50 me = meters 

50 meters - me 250 meters = ^KC 
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HCAiERORK 

1. The flrat RF tube of a recelTer ia uauallj protected from high RF voltage by 
a realator oonneoted between antenna and ground. On oo^>letlng a tranamla- 
alony you find the receiver la alive* but no algnala are heard. Hhlch tube 
would you auapeot nay have failed during tranamiaaion? fbat would cause 
aueh a failure? 



2« Would you teat a apare fuae before inserting It in the equipment? Why? 

AHSt ^ 

3* Why will the tranamitter fall to operate If the electrical system of a plane 
in flight is switched to *battezy cart* position? Why will the receivers 
operate normally In this position? 

AHSi 

4 . What meter on a tranamitter will indicate 'Uiat the tranamitter la loculed 
even thou^ the antenna ammeter shows little or no current? 

AHSt 


5* The speech ai^llfler tube la often used as an audio frequency oscillator to 
produce a tone in the headphones while keying a CW transmitter. Would fail- 
ure to hear this *slde tone" necessarily indicate that there was no CW out- 
put? 

AHSt 

6* Refer to Question 5* IF the side tone is heard idien keying* does it neces- 
sarily indicate that the transmitter is operating properly on CW? 

AHSt 

7. Why should you resort to the use of a test instrument only after trying *11 
possible means of checking the equipment tdille it is still intact and con- 
nected? 

AHSt. 


8. Why Is it gmierally poor policy* idiile in fll^t* to out wires leading to 
soldered connections? 

AHSt 

9. Would you use the trailing wire or the overhead antenna for transmission dur- 
ing the time the plane was being gassed? 

AHSt 
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